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ABSTRACT 


This study was intended to provide morphological and analytical 
data to eharacterize the alpine soils of the Sunshine area and to 
relate these soils to their environment. 

The alpine soils have organic turf layers overlying dark colored 
Ah horizons and often Bm horizons of varying description. Volcanic 
ash in the A and B horizons contributes to silt loam textures and 
content of amorphous colloids. Underlying till and colluvial materials 
are of sandy loam texture. 

Alpine Dystric Brunisols are widespread in the rolling alpine 
divide area under Phyllodoce glandultflora and Antennarta lanata 
community types. Alpine Eutric Brunisols were found associated with 
the Alpine Dystric Brunisols but more often occur on the higher, 
steeper slopes in association with Orthic Regosols under Dryas hookertana 
and D. hookeriana - Carex sctrpotdea community types. Alpine Eutric 
Brunisols also occur on high wind-exposed slopes under Kobresia 
myosurotdes community types. Orthic Regosols are the typical soils 
in late snowbed areas under Saxtfraga lyallit cover. Cumulic Regosols 
occur on alluvial deposits under Salix barrattiana and on steep slopes 
under Anemone occidentalis community types. Gleysolic soils are present 
in poorly drained areas under Ertophorum scheuchzert, Ertophorum 
angusttfoltum, and Carex spp. community types. Earth hummocks with 


their cryoturbated soils are present in isolated areas. 
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INTRODUCTION 


Soils in high mountain areas have received relatively little 
attention by pedologists. This was due to a lack of economic importance 
and general inaccessibility of the areas. The increasing recreational 
use of mountainous areas and concern for protection of the environment 
has created a demand for information concerning alpine soils and the 
relationship of these soils to their environment. 

This study was conducted in connection with a program of the 
Canadian Wildlife Service, Department of the Environment, to characterize 
alpine ecosystems of the Canadian Rocky Mountains in order to provide 
information for management of alpine areas in the mountain National 
Parks. 

The objectives of this soils investigation were (1) to provide 
morphological, physical, chemical and mineralogical data to characterize 
the alpine soils of the Sunshine area, and (2) to relate soil properties 
and soil genesis to the environment. 

The approach taken was to describe in detail and sample soil pedons 
characteristic of soils occurring under several plant communities in an 
alpine area. The samples were then subjected to physical, chemical, 
and mineralogical analysis in the laboratory. 

The study area, known locally as "Sunshine", is located approxi- 
mately 16 km southwest of Banff, Alberta (Figure 1) along the 
Continental Divide in the eastern fringe of the Main Ranges of the 
Rocky Mountains. 

The soils were described and sampled in August, 1970 and laboratory 


investigations were completed by 1972. 
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Figure 1. Location of Project Area. 


PLATE 1. Photograph of study area 


This view of the Sunshine area from the 
south shows the rolling alpine divide (photo 
center), Twin Cairns Mountain on the left, and 
Wa-Wa Ridge in right center. Aug. 10, 1971, 
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PART I LITERATURE REVIEW 


Definition of the Term Alpine 


The term alpine has been used to describe various ecosystems and 
geographical regions (Daubenmire, 1943; Major and Bamberg, 1968; Love, 
1970; Baig, 1972; Trol1,1972a, 1972b), which has led to some’ coniusion. 
As used here, alpine may be defined physiognomically as the area above 
the line where trees retain normal growth form and below the permanent 
snow line. Thus coniferous trees that exhibit krummholz form (a layered, 
stunted growth form) may occur in the alpine zone. This use of the term 
alpine is similar to that used by Hrapko (1970) and Kuchar (1972a) to 
describe areas in Jasper National Park. A vegetational zone that 
commonly exists between the continuous subalpine forest and the treeless 
alpine, characterized by clumps or islands of conifers surrounded by 
tundra vegetation, is often separated as a distinct zone. This zone 
has been named the forest-tundra ecotone (Weaver and Clements, 1938; 
Marr, 1961, 1972), the upper subalpine (Spilsbury and Tisdale, 1944), 
and the timberline zone (Daubenmire, 1943). This zone has been included 
as part of the alpine zone for the purposes of this study. 

Alpine regions have distinct flora, fauna, climate, landforms and 


soils (Moss, 1955; Marr, 1961; Wright and Osburn, 1968). 


The Alpine Soil Environment 


The extreme variation in topography, climate, and vegetation 
combined with the many types of parent material present, results in 
complex soil patterns in alpine areas (Retzer, 1948, 1956; Johnson 


and Cline, 1965). 
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Climate is probably the most significant soil forming factor in 
the alpine as the cold temperatures and short growing season result 
in reduced energy being available to the soil system and a short active 
period of soil formation (Volobuev, 1964; Nimlos, McConnell and Pattie, 
£96 5iselenjunes, et dl, 1969) . 

In mountainous areas temperature decreases with increasing altitude 
due to an adiabatic lapse rate (Baker, 1944; Marr, 1961; Bamberg and 
Major, 1968), however this correlation may be modified by topography 
and aspect. For example, north- and northeast-facing slopes are cooler 
than south-facing slopes in the northern hemisphere (Shreve, 1924; 
Cantlon, 1953) and temperature inversions often occur in mountain 
valleys (Baker, 1944; Beder, 1967; James, 1968). The dominance of low 
temperatures is reflected in the occurrence of permafrost in alpine 
areas of Alberta (Ogilvie and Baptie, 1967), British Columbia (Matthews, 
1955) and in Colorado and Wyoming (Retzer, 1956, 1965; Johnson and 
Billings, 1962; Johnson and Cline, 1965). 

Soil development seems to be further limited by low moisture 
availability in well-drained soils during the time of maximum temper- 
atures (Nimlos, McConnell, and Pattie, 1965; Retzer, 1965; Bliss, 1966). 
As altitude increases precipitation generally increases (Marr, 1961; 
Bamberg and Major, 1968), however the percentage of total precipitation 
that falls as snow may also increase (Ogilvie, 1969). Due to strong 
winds the snow is distributed unevenly, varying from snow-free ridges 
to snowbank areas with deep snow accumulation that may remain through- 
out the summer (Marr, 1961; Holway and Ward, 1963; Nimlos and McConnell, 


1965; Bamberg and Major, 1968). This irregular accumulation of snow is 
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important in governing freeze-thaw cycles of the soil, needle ice 
erosion, and moisture regime (Bamberg and Major, 1968). Vegetation 
patterns are often governed by depth and duration of snow cover 
(Billings and Bliss, 1959; Beder, 1967; Hrapko, 1970; Trottier, 1972). 
The importance of snow cover in the cycling of matter and energy, and 
especially in trapping aeolian material has been shown by Warren 
Wilson (1958), Billings and Bliss (1959), Marr (1961) and Stepanov 
(1962). 

The cool temperatures and short snow-free period cause retardation 
of chemical weathering processes and biological activity in the soil. 
This results in slow rates of pedological transformations and transfers 
reflected by the accumulation of organic matter in surface horizons 
and poorly, dit ferentdated mineral horizons in alpine soils (Nimlos and 
McConnell, 1962, 1965; Duchaufour, 1965; Retzer, 1965). The physical 
condition of the soils is strongly affected by frequent freeze-thaw 
cycles o(Lroll ,41944)« 

The quantity and quality of light radiation varies with altitude. 
Direct radiation increases with altitude by diffuse radiation decreases. 
A discussion of high mountain radiation climates is given by Bamberg 
and Major (1968). 

The strong influence of climate on alpine ecosystems is reflected 
by plant distributions such as the location of timberline. Griggs (1946) 
states that timberlines in the Rocky Mountains are tension zones with 
specific location a result of wind direction and intensity. Costin 
(1968) relates timberlines around the world to the 10°C isotherm for 


the warmest month. Precipitation, snow depth, and such non-climatic 
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factors as snowslides and landslides, geological substratum, fire, 
soils, and biological agencies (including man) also influence timber- 
line location (Lewis, 1923; Daubenmire, 1955; Heusser, 1956; Bamberg 
and Major, 1968; Ogilvie, 1969; Baig, 1972). 

Alpine vegetation, composed dominantly of herbs or decumbent 
shrubs, is adapted to the harsh environmental conditions. Most plants 
are low growing to escape the high wind velocities (Holch, et al., 
1941; Warren Wilson, 1959) and to obtain heat from the soil. The 
plants are adapted to cold temperatures and desiccation and some are 
adapted to very late snow cover (Marr, 1961). 

The flora above timberline is composed of alpine and arctic 
species of circumpolar distribution, of cordilleran species, and of 
boreal and plains species of wide ecological amplitude. The kinds of 
vegetation and low temperatures favor incorporation of large amounts 
of organic matter in surface horizons of alpine soils (Retzer, 1956, 
1965; Nimlos and McConnell, 1965). This is an important factor in 
soil formation due to the role organic derivatives play in pedogenesis 
(Konanova, 1966). Duchaufour (1965) reports the cool, moist climate 
in European alpine areas favors ericaceous and resinous vegetation that 
yields a very acidic humus. 

The moderating effect of topography on local climate has already 
been discussed. The steep slopes usually present in high mountain 
areas results in several modifying processes acting on the soil bodies. 
Mass wasting processes shift material downslope thus truncating and 
burying soil profiles (Uziak, 1963; Benedict, 1970). Amen (1966) 


showed that plant regeneration was significantly influenced by slope 
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rejuvenation of soils. Harris (1972) measured 323 mm horizontal dis- 
placement in a three-month period of soil creep at Vermillion Pass, 
Alberta. Soils which are more fully in equilibrium with their 

environment occur on terraces and gentle slopes with more weakly-developed 
soils on steeper slopes (Duchaufour, 1965). 

Various patterned ground features including terraces, solifluction 
lobes, stone polygons, stone stripes and earth hummocks have been 
reported for several alpine areas (Sharp, 1942; Washburn 1956; Billings 
and Mooney, 1959; Billings and Mark, 1961; Johnson and Billings, 1962; 
Baptie, 1968; Bryant and Scheinberg, 1970; Knapik and Landals, 1972). 
These features provide a changing microtopography that affects snow 
distribution and moisture regime which in turn governs vegetation and 
soil patterns. Benedict (1970) did an extensive study on the occurrence 
and movement of solifluction lobes, 'Dryas-banked terraces", and "Dryas 
stripes" in Colorado. 

Steeply sloping topography causes rapid runoff of snowmelt and 
rainfall and sloping bedrock that is close to the surface controls 
subsurface water movement. 

Parent materials are extremely variable and often mixed in the 
mountains. Due to orogenesis, folded and faulted beds of igneous, 
sedimentary, and metamorphic rocks may all be present over a short 
distance, as well as recent deposits of glacial till, colluviun, 
alluvium, and aeolian materials. Due to glacial action, mass wasting, 
and frost action, these materials are often churned up and mixed 
together (Retzer, 1948; Johnson and Cline, 1965). 


The effect of parent material on soil formation in the alpine 
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environment has been reported by Duchaufour (1965) to be of less 
significance than climate, vegetation and topography. He states 
that differences between soils developed on calcareous and non- 
calcareous rocks can only be noticed when conditions are favorable. 

Retzer (1965) and Nimlos and McConnell (1965) reported soils 
developed from calcareous rocks to have different texture, pH, 
fertility, and erodibility than those developed from acid rocks. 
Generally shales tend to produce finer textured soils than sandstones. 
Coarse fragment content varies widely with parent material but is 
usually high (Retzer, 1965; Nimlos and McConnell, 1965). 

The presence of volcanic ash in the soils has several pedological 
implications (Baptie, 1968; Beke, 1969; Van Ryswyk, 1969; Pettapiece, 
1970; Beke and Pawluk, 1971; Pettapiece and Pawluk, 1972). Volcanic 
ash occurrence in the Canadian Rocky Mountains has been recorded by 
Heusser (1956), Rutter (1965, 1972), and Westgate and Driemanis (1967). 
Ash from at least four sources is present in the Rocky Mountains 
(Westgate, Smith and Tomlinson, 1970) however ash from Mount Mazama 
(Crater Lake), Oregon dated at 6600 years B.P. (Westgate, Smith and 


Tomlinson, 1970) seems to be the most prevalent in the Banff area. 


Previous Alpine Soils Investigations 


Several studies have been undertaken in alpine areas of the 
Canadian Rocky Mountains in recent years that have included investi- 
gations of the soils present. 

Baptie (1968) and Trottier (1972) correlated alpine plant 


communities with their characteristic soil profiles. Baptie (1968) 
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reported the occurrence of Orthic Podzols, Podzo Regosols, Rego Black 
Chernozems and Alpine Brown soils under alpine plant communities in 
Snow Creek Valley, Banff National Park. Trottier (1972) described 
Alpine Eutric and Dystric Brunisols, Gleyed Alpine Dystric Brunisols, 
Orthic and Cumulic Regosols, and Orthic Humic Gleysols at Highwood 
Pass in the Kananaskis area. 

Baig (1972) studied the ecology of timberlines in Alberta. He 
reported the predominance of Orthic Humo-Ferric Podzols at several 
timberline locations in Banff and Waterton National Parks. 

Beke (1969) reported a vertical sequence of soils in the 
Kananaskis area from subalpine to alpine. He classified the alpine 
soils as Alpine Dystric Brunisols and Orthic and Cumulic Regosols. 
Soil characteristics became less pronounced with elevation. 

Jeffrey, Bayrock, Lutwick and Dormaar (1968) discussed land- 
vegetation typology in the Upper Oldman River Basin, Alberta. They 
found Mull Regosols to be the zonal soils on both calcareous and non- 
calcareous materials at high elevations. 

Pettapiece (1970, 1971) working in the North Saskatchewan River 
Valley in the Front Ranges of the Rocky Mountains reported Dystric 
Brunisols, Lithic Orthic Regosols and turfy alpine soils above 
timberline. 

Hrapko (1970) included soil moisture and texture analyses as 
part of an ecological study of plant communities on Signal Mountain 
in Jasper National Park. 

Kuchar (1972b) has reported descriptions and analytical results 


for alpine soils at Mt. Edith Cavell and has unpublished data for 
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alpine soils on the Bald Hills (pers. comm) in Jasper National Park. 

Root and Knapik (1972), Kregosky, et al., (1972) and Knapik and 
Landals (1972) investigated the limitations of alpine and subalpine 
soils for hiking trails along the Great Divide Trail Route and have 
described and classified the soils along the route. 

Bryant and Scheinberg (1970) briefly described soils on Plateau 
Mountain, Alberta as part of a study of vegetation and frost activity 
in an alpine fellfield. 

Van Ryswyk (1969) compared forested soils at the upper limit of 
timberline with adjacent alpine soils in the Cascade Mountains of 
south-central British Columbia. The soils were mapped, with map units 
being placed into three major groups, based on profile characteristics. 
The three major groups were (1) Podzol, (2) Alpine Brown, Continuous 
Ash and, (3) Alpine Brown Discontinuous Ash. 

Sneddon, Lavkulich and Farstad (1972) related physical, chemical 
and mineralogical data to the morphology and genesis of alpine soils 
in the Coast Mountains and Interior Plateau of southern British 
Columbia. They classified the soils at four sites as Mini-and Orthic 
Humo-Ferric Podzols and an Alpine Dystric Brunisol. 

Numerous studies of alpine soils have been carried out in the 
Rocky Mountains of the United States. 

Retzer (1948, 1956) was the first to report detailed information 
on alpine soils in North America. He stressed the importance of low 
temperature and short growing season in these "cryopedogenic regions". 
He reported profile morphology to be distinctive but weakly developed. 


Well-drained soils were described as having turf layers (Ao) overlying 
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Ah(Al) horizons with high organic matter content, low bulk density, 
low C/N ratio, weak structure, and loose consistence. Silt and clay 
content decreased and pH increased with depth. In 1956 Retzer 
suggested three great soil groups to handle the classification of 
alpine soils, the separations being based mainly on drainage. The 
three great groups were Alpine Turf (well drained), Alpine Meadow 
(imperfectly to poorly drained soils with a mineral surface horizon) 
and Alpine Bog (poorly drained soils with a peaty surface horizon). 
These great groups have been concisely defined by the Western Regional 
Soil Survey Work Group (1964) and have been used by several researchers 
in North America. Retzer (1965) later recommended the great group 
mame Arctic Brown to classify the well-drained alpine and arctic soils 
that he feels are very similar. 

Nimlos and McConnell (1962, 1965) wotei ae in Montana, reported 
genesis of alpine soils to be mainly an incorporation of organic matter 
in the surface horizons with some sesquioxide and humus eluviation in 
acid materials, and some recrystallization of carbonates in calcareous 
materials. They reported rooting to be confined to the upper foot of 
the soil, comprising the turf and Ah horizons. They listed chemical, 
physical and mineralogical data for three soils series, differing in 
drainage and parent material. Nimlos, McConnell and Pattie (1965) 
reported soil temperatures and moisture regimes for three alpine stand 
types in Montana. These were fellfield, dry meadow and sedge-hummock, 
representing a gradient from dry to moist conditions. Mean summer air 
temperature was 732° (45°F), with surface soil horizon temperatures 


being close to this, and decreasing with increasing moisture content. 
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Moisture availability varied from a summer moisture deficiency in 
the fellfield to a moisture surplus in the sedge-hummock stand type. 

Johnson and Cline (1965) described the alpine soil climate in 
the mountains of Northern Colorado as being cold and moist, with an 
average annual soil temperature of -2.2 to Onc (28-32 5). Soils of 
major occurrence in alpine areas were Alpine Turf (Cryorthods), Alpine 
Meadow (Cryaquods), Lithosols (Lithic Cryorthents), and Chernozems 
(Borolls). Johnson and Billings (1962) stressed the importance of 
cryopedogenic processes in the formation of alpine soils on the 
Beartooth Plateau of Wyoming and Montana. 

Several ecological studies of alpine ecosystems have involved 
the relationship of environmental parameters, including soil properties, 
to the distribution and functioning of plant species (Bliss, 1956, 
1963, 1966, 1971; Billings and Bliss, 1959: Marr, 1961:5 Bliss and 
Woodwell, 1965). Douglas and Ballard (1971) examined soils under 
krummholz and heath vegetation in the North Cascades of Washington. 
Typical soils were Lithic Humo-Ferric Podzols under krummholz and 
Lithic Mini Ferro-Humic Podzols and Lithic Alpine Dystric Brunisols 
under heath vegetation. 

European alpine areas have received extensive study and soil 
development sequences and soil morphology have been reported for 
various alpine areas, mostly in the Alps (Braun-Blanquet and Jenny, 
1926; Troll, 1944; Kubiena, 1953; Dahl, 1956; McVean and Ratcliffe, 
1962; Duchaufour, 1965). Extrapolation of conditions in European 
alpine ecosystems a: those in North America must be done with care, 


keeping in mind the differences in local climate and vegetation 
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(Major and Bamberg, 1968; Troll, 1972a, 1972b). Kubiena (1953) 
included alpine soils in his soil classification scheme. Several 


of the findings of European workers have been discussed in earlier 


sections of this literature review. 
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Quaternary: 
Mississippian: 
Devonian: 
Ordovician: 
Cambrian and 
Ordovician: 
Cambrian: 


Lower Cambrian: 


Precambrian: 


Bedrock Geology Map Legend 


alluvium, colluvium, till 
(bedrock deeply covered) 


limestone, dolomite, calcareous 
shale and siltstone 


limestone, dolomitic limestone 
and dolomite 


dolomite, limestone and minor 
chert and shale 


calcareous shale and limestone 
limestone, shale, siltstone, dolomite 
(Gog Group) quartz sandstone, siltstone 


(Miette Group) quartz sandstone, slate, 
and quartz pebble conglomerate 


Thrust fault (teeth on upthrust side) —4.__,4~ 


Other faults 
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Geological boundary ea 


Syncline 


me 


PART II PHYSIOGRAPHY 


Geology 


Bedrock Structure and Lithology 


The Sunshine area is located in the eastern fringe of the Main 
Ranges structural subprovince of the Canadian Rocky Mountains section 
of the North American Cordillera physiographic province (McConnell, 
1887; North and Henderson, 1954; Price, 1971). 

Bedrock geology of the Banff area was recently mapped as part of 
the Bow-Athabasca project of the Geological Survey of peda The 
bedrock map (Figure 2) of the study area is taken from the GSC map 
series, Map 1294A (Geology Banff, East Half) and Map 1295A (Geology 
Banff, West Half) prepared by Price and Mountjoy (1972a, 1972b). 

Bedrock structure in the area is complex. Due to folding and 
faulting several formations and facies are present and most of the 
bedding is steeply inclined. Calcareous strata of Paleozoic age 
predominate in the area with limited occurrences of non~calcareous 
strata of Lower Cambrian and Precambrian age. 

Dip slopes of large thrust blocks on the eastern edge of the 
study area consist mainly of Upper Devonian limestones and dolomites. 
Inclined beds of Devonian, Ordovician and Cambrian limestones, dolomites 
and shales underlie much of the remainder of the area. Lower Cambrian 
(Gog Group) quartz sandstones outcrop on Quartz Hill and to the west 
of the study area. Precambrian (Miette Group) outcrops form Wa-Wa 
Ridge and outcrop on Quartz Hill. Lithology consists of quartz sand- 


stones interbedded with slates and quartz pebble conglomerates. 
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PLATE 2. Photograph of study area 


The steep windswept dipslope of Lookout 
Mountain rises above the forest-tundra ecotone 
in the foreground. The chairlift standards 
and trails are evidence of the recreational 
use of therarea. Aug. 9,5 1972. 
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Geomorphology 


The central part of the study area is essentially a high "plateau" 
or alpine divide with undulating to rolling topography (Plate 1). 
Elevation varies from 2240 m (7400 feet) to 2360 m (7800 feet) which 
is some 600 to 900 m higher than the major valley floors in the area. 
The east side of the study area consists of the dip slopes of large 
thrust blocks thrust to the northeast (Lookout and Eagle Mountains) 
with peaks attaining altitudes of almost 3000 m (Plate 2). Wa-Wa 
Ridge (2450 m), Twin Cairns (2500 m) and Quartz Hill (2560 m) form 
the western and southern boundaries of the study area. 

Topography is controlled principally by structure of the bedrock 
modified by glacial erosion and deposition, and to lesser degrees by 


mass wasting, fluvial, and differential weathering processes. 


Glaciation 

The study area was glaciated during Pleistocene times as evidenced 
by the glacial till deposits that cover much of the area (Plate 3). 
There seems to have been very little ice movement across the Continental 
Divide in this region of the Rocky Mountains (Rutter, 1965) so the 
glacial activity in the Sunshine area was likely a result of local ice 
accumulation and movement. There are two cirques on the north side 
of Lookout Mountain and one on the north side of Eagle Mountain. 
Intermittent streams head in these cirques and a rock glacier occupies 
one cirque on the north side of Lookout Mountain. Sunshine Creek 
valley from the Continental Divide north to Healy Creek has been 
sculptured by ice flow as the cross-profile of the valley is rounded 


with gently sloping sides, typical of a glacial channel rather than of 
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a stream-cut valley. Deglaciation probably occurred in the order of 
9000 years ago, at about the same time as retreat of the ice from the 
Bow Valley (Rutter, 1965, 1972). 

Till deposits form a thin mantle over much of the study area, 
with depth being controlled by bedrock topography. In many places 
the till is less than one meter thick and it has often been moved 
by soil creep and frost action processes. The till has a high content 
of coarse bedrock fragments and is of a sandy loam to loam texture. 
Glacial lacustrine deposits occur to limited extent in depressional 


areas, with textures ranging from silty clay loam to clay. 


Postglacial Features 


Colluvial Deposits - Colluvium consists of weathered rock 
material that has been moved and deposited mainly by the force of 
gravity. Glacial till materials that have been extensively moved 
and re-deposited by slope movement processes since glacial deposition 
are also classified as colluvium for the purposes of this study. 
Colluvial deposits are prevalent in the area, especially at higher 
elevations and on steep slopes. Colluvium is typically coarse textured 
with high contents of angular rock fragments. 

Aeolian Deposits - Wind-deposited materials are evident in the 
sola of many of the soils. This material may occur as layers or lenses 
but is usually mechanically mixed with till and colluvium. The aeolian 
material contains varying amounts of volcanic ash. This ash was 
observed in several locations as distinct layers and lenses but it is 
generally mixed with other materials due to soil creep and frost action. 


Deposits of ash of up to 1 m in thickness were observed in four 
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locations under earth hummocks. Ash from one of these locations (T-23) 
was identified as being of Mazama origin (Westgate, pers. comm., 
1972), which is dated at 6600 years B.P. 

Fluvial Features - The Healy Creek, Simpson River, and Howard 
Douglas Creek valleys are much lower than the Sunshine alpine area due 
to bedrock structure and strong glacial erosion of the larger valleys. 
As a result streams in the area drop 600 to 900 m in a distance of 3 
to 5 km. A stream with such a gradient would be expected to be down- 
cutting rapidly. Sunshine Creek, in a hanging valley, is eroding 
rapidly to reach its local base level and now displays several nick- 
points in the form of small waterfalls. 

Alluvial deposition is occurring in several locations where runoff 
from steep slopes encounters more gentle gradients and dumps sediment, 
often in basins where larger creeks head. 

Mass-wasting Products and Frost Features - Mass-wasting involves 
the bulk transfer of masses of rock debris down slopes under the direct 
influence of gravity (Thornbury, 1969). Alpine areas are especially 
susceptible to mass-wasting processes due to the light or discontinuous 
vegetal cover, steep slopes, large diurnal and seasonal temperature 
fluctuations, and heavy snowfall. 

Disturbed soil profiles and terraced slopes are evidence of active 
soil creep. Soil profiles are often truncated and may lack distinctive 
horizon differentiation due to movement. Creep is most active on steep 
slopes in shaded and lee positions, where there is greater moisture 


availability. Rock creep was noticed especially on the west side of 


a J.A. Westgate, Dept. of Geology, University of Alberta 
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Twin Cairms. Large blocks of conglomerate are some distance downslope 
from the scarp face. Talus slopes are common wherever steep cliffs 
exist, being most abundant on those cliffs with a north to east 
exposure as reported for the Lake Louise area (Gardner, 1970). Talus 
creep occurs in these deposits. A rock glacier occurs in a cirque 
basin on the northeast side of Lookout Mountain. 

Solifluction, the slow movement of water-saturated masses of soil 
under the influence of gravity, has been reported to be of considerable 
Significance at high altitudes (Thornbury, 1969; Benedict, 1970), but 
was not felt to be of major importance in the Sunshine area. 

Frost action is involved in the formation of patterned ground 
features as well as being important in soil creep and solifluction. 
"Dryas-banked terraces" (Benedict, 1970) are common micro landforms on 
exposed slopes and ridges. These are small terraces that have a riser 
height of 2 to 6 cm and a tread width of 10 to 30 cm. The treads are 
essentially bare of vegetation, being covered with angular gravel-sized 
clastics, and the risers are vegetated by Dryas hookertana. These 
terraces form striped patterns that may be aligned either parallel to, 
or normal to the slope contours. According to Benedict (1970) these 
features are formed by the interaction of vegetation, wind, and surficial 
frost creep. 

Earth hummocks, which are a particular form of non-sorted net 
(Washburn, 1956), occur in several locations. In each of the four 
locations examined the hummocks occupied small, enclosed depressions 
(ca. 30 m diameter) with no drainage outlet. The hummocks, approximately 
75 cm in diameter and 20 to 40 cm in relief, are formed on deposits 


of Mazama volcanic ash of up to one meter in thickness. The mounds 
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and hollows are covered with a uniform mat of Carex ntgrtcans. 

Stone rings, frost boils, and other patterned ground features 
have been reported for several alpine areas in the Canadian Rocky 
Mountains (Baptie, 1968; Bryant and Schienberg, 1970; Kuchar, 1972a, 
1972b; Knapik and Landals, 1972) but were not noticed in the Sunshine 
area to any extent. 

The summit of Twin Cairns is covered with large blocks of 
conglomerate that could be considered as blockfields or felsenmeere. 
A "rock river" exists on the northeast corner of this ridge where the 


conglomerate blocks are concentrated into a stream-like flow. 


Vegetation 


Vegetation of the Sunshine area was investigated by A.E. Porsild 
during 1945, 1946, 1951, and 1956. He collected approximately 350 
species of vascular plants from above the 2120 m (7000 foot) level 
(Porsild, 1959). G.W. Scotter, with the Canadian Wildlife Service, 
is presently studying the vegetation in the area. The 54 plots, 
representing various plant community types, at which the soils investi- 
gations for this study were made were established by Scotter and the 
composition and structure of plant communities were described as 
part of his study (unpublished). 

The unit of vegetation used in this study is the plant community 
type, which is equivalent to the association of Daubenmire (1960). 

It is a preliminary designation of stands that have essentially the 
same dominant species in each strata. Nomenclature of plants is 


according to Moss (1959). 
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Climate 


The climate of the study area is characterized by long, cold 
winters and short, cool summers with a winter-high, summer-low 
distribution of precipitation. 

Climatic data from alpine areas are very limited due to problems 
in maintaining stations and making observations. Data have been 
collected in the Sunshine area by the Canadian Wildlife Service but 
have not been condensed and analyzed. Data from the nearest observation 
sites within the Rocky Mountains with available data, namely Banff and 


Lake Louise, are shown in Table l. 


Table 1 CLIMATIC DATA FOR BANFF AND LAKE LOUISE 
Temperature (20) Precipitation 
January July Mean ~% as 
Station Elevation Mean Ann. Max. Min. Max. Min. Ann. Snow 
Banff 1389 m Zid, =O = LO eee Oe s 475 mm 42 
Lake Louise 1525 m 0 =6./ =21.2 "21.7°9 3.3 782 mm 63 
1 


Data from McKay, Curry and Mann (1963). 


The trend from Banff, in a wide valley floor in the Front Ranges, 
to Lake Louise on the Continental Divide is to lower mean annual 
temperatures and greater mean annual precipitation. Most of the 
precipitation at Lake Louise occurs as snow from September to May in 


contrast to Banff where the majority of precipitation occurs as rain 
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in the summer months. 

The Sunshine area is approximately 700 m higher than Lake Louise 
and is also on the Continental Divide. If an adiabatic lapse rate of 
2°¢ per 310 m elevation (Baker, 1944) is valid for this area, mean 
annual temperature at Sunshine would be about -~2°C, Data from the 
Snow Creek Valley alpine area in the Front Ranges to the northeast 
indicates mean daily summer temperatures of 40 to 50°F (4.4 Eo 1020) 
and mean daily winter temperatures of 10 to 25°F (-13 to Oa) 

(Beder, 1967). Maximum summer temperatures at Snow Creek rarely 
exceed 70°F (21°C). 

Diurnal temperature fluctuations are extreme during the summer 
months. Maximum daily temperatures may exceed 20°C with minimum 
temperatures being below freezing. Temperature inversions are common 
at night as evidenced by data collected at Snow Creek Valley where as 
many as 30 inversions per month have been observed (Beder, 1967). 

Total annual precipitation is probably greater at Sunshine than 
at Lake Louise due to greater snowfall as evidenced by winter ski 
reports from the two areas. 

Snowfall is distributed unevenly due to drifting by strong winds. 
Westerly-exposed slopes and ridge crests have light snow cover or may 
be blown free of snow and snow cover melts early in the season, whereas 
valleys and north-east facing slopes accumulate great depths of snow. 
A snow cover of 1 to 4m persists for 9 to 10 months of the year over 
most of the area, while snowbeds on some shaded, lee slopes may remain 
throughout the year (Plate 3). There are approximately 2 months (July 


and August) between the last heavy snowfall in the spring and the first 
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PLATE 3. Photograph of study area 


Numerous late snowpatches occur throughout 
the till-covered alpine landscape and on the lee 
slope of Quartz Hill in right background. Aug. 9, 
OT 2 
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heavy snowfall of the fall. Light snowfalls may occur on any day of 
the year. 

Permafrost was not encountered in any of the soil pits (1.5m 
maximum depth) however workmen reported the presence of ice in July at 
about 2.5 m depth at 3000 m elevation on the southwest-facing slope of 
Lookout Mountain. Permafrost has been reported at Snow Creek Valley 
in a palsa bog (Ogilvie and Baptie, 1967) and nas been reported in 
several alpine areas of Montana and Colorado but is not considered 
important for soil conditions in the Sunshine area. 

Despite the high moisture reservoir in the snowpack, moisture 
stress conditions prevail in July and August when temperatures are at 
a maximum, except in areas of poor drainage or where snowmelt is 
available late in the season. These conditions are similar to those 
reported by Nimlos, McConnell and Pattie (1965) for an alpine region 
in Montana where a moisture deficit was found in well-drained soils. 

Winds are very strong and prevalent in the area as evidenced by 
wind-trained treeform, low-growing vegetation, and wind-eroded ridges 


and westerly-facing slopes. 
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PART III FIELD INVESTIGATIONS OF THE SOILS 


Methods 


Soils were examined in two locations at each of 55 plots, 54 of 
which were previously established by the Canadian Wildlife Service. 
The soil body deemed most representative of the plot was described in 
detail and the alternate soil body was used to estimate variation in 
soil conditions. 

Soil parameters including texture; structure; consistence; root 
abundance, size and orientation; rooting depth; horizon type, depth, 
and sequence; coarse fragment content; and effervescence with dilute 
hydrochloric acid were described using the nomenclature of the Canada 
Soil Survey Committee (1970). Soil color was described using Munsell 
Soil Color Charts (1954). The soils were classified according to the 
Canadfian-System of Soil. Classification (C.8.S.C.#° 1970). 

Major soil horizons of sufficient depth were sampled for physical, 
chemical and mineralogical analyses. 

In addition the site of each plot was described with respect to 
altitude, slope, aspect, vegetation, drainage conditions, significance 
and type of geomorphic processes, and the geologic nature and origin 


of the soil parent materials. 


Results and Discussion 


Soils of the Brunisolic, Regosolic and Gleysolic Orders were found 
in the area as well as soils under earth hummocks that were not classified 
using the System of Soil Classification for Canada (C.S.S.C., 1970). 


"Nonsoils" that do not meet the minimum depth requirement of 10 cm and 
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bare rock formations are also present in the area. Profile descriptions 
for each of the 55 soil pedons described and sampled in the field are 
shown in the Appendix. Locations of sampling sites are presented in 
Figure 3. Eight of these soils were selected as being representative 
of many of the soils in the area and descriptions of these are presented 
in the following sections together with discussion of the other soils 


examined. 


General Characteristics of the Soils 

Many features are common to the freely-drained soils of the area. 
The soils have developed on glacial till and colluvial till deposits 
that often have aeolian inclusions in the upper 20 cm. (Plate 4.) The 
aeolian material contains varying amounts of volcanic ash. Due to 
frost action and soil creep the various parent materials are often 
mixed together (Plate 5). 

A densely-rooted organic turf (L) has developed on most of the 
soils. This fibrous mat extends into the upper Ah horizon. The Ah 
horizons are a nonchernozemic, moder type of Ah that have high contents 
of weakly-decomposed organic material mechanically incorporated into 
the mineral soil. Color varies from dark brown to black. Bulk 
densities of 0.6 to 0.8 g onte are common. Structure is weak, generally 
fine granular, and consistence is very friable. Textures are generally 
silt loam with low (5-15%) clay content. An eluviated Ahe horizon 
was observed in only one location (L1) within the upper limit of the 
forest tundra ecotone. 

B horizons vary in thickness and are often discontinuous. Colors 


are dark brown to yellowish brown with textures ranging from silt loam 
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to sandy loam. Structure is weak, usually fine granular and the soil 
is friable to very friable. Bulk densities measured varied from 0.6 
COmle 2 ee eae, Due to a lack of evidence of translocation of materials 
within the profile, these horizons were classified as Bm horizons. 
Total depth of the A and B horizons averages less than 20 cm. 

C horizons usually do not contain significant amounts of the 
aeolian material that is evident in the sola, thus are often designated 
as IIC horizons. eran are loam to sandy loam and are often 
gravelly due to high contents of coarse fragments (particles greater 
than 2 mm in diameter). Plant roots penetrate into the C horizons, 
often reaching depths of 40 cm and occasionally 50 or 70 cm. Rooting 
depth may be limited by a bedrock contact which often occurs within 
50 cm, thus resulting in a lithic classification of several of the 


soils. 


Alpine Dystric Brunisols - These soils are of common occurrence and 
represent maximum pedogenic development in the area. They tend to 
occur in areas of relatively stable slopes and moderately early snow 
release under various alpine tundra hanes Horizon sequence 
pee IE Nake Aaja “are (R). Of the 12 soils identified as Alpine 
Dystric Brunisols (Table 2) five, namely those at T8, T9, T17, T30 
and T39 are underlain by calcareous parent materials. The sola 
however often contain considerable amounts of non-calcareous aeolian 
material (including volcanic ash), thus the calcareous C horizons 
are often considered to be IICk horizons. The other nine Alpine 


Dystric Brunisols have developed on till or colluvium derived mainly 


1 Designations in parentheses indicate horizons which may occur. 
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from non-calcareous shales and conglomerates. Aeolian materials are 
also present in the sola of these soils. 

Alpine Dystric Brunisols are common in the undulating to rolling 
alpine divide area where snow release occurs in approximately mid-July. 
The soil at T9 was selected as being representative of the Alpine 
Dystric Brunisols of this area. 

The well-drained pedon at T9 (Plate 4 ) has developed from 
aeolian and till parent materials with bedrock being close to the 
surface. The plot is located east of Rock Isle Lake on an 8% south- 
west-facing slope at 2330 m (7700 feet) above sea level. Vegetation 


consists of an Antennarita lanata community type. 


Horizon Depth 
(cm) | 

L 3-0 Dark gray (10YR 4/1 d) fibrous turf; abundant; 
fine random roots; very strongly acid; clear, 
wavy boundary; 2 to 6 cm thick. 

Ah 0-1 Dark brown (10YR 3/3 m) silt loam. 

Bm 1-6 Strong brown (7.5YR 5/6 m), yellowish brown 
(1LOYR 5/4 d) silt loam; weak, fine granular; 
very friable; abundant; fine random roots; 
medium acid; clear, wavy boundary; 3 to 10 
em thick. 

C 6-7 Light yellowish brown (10YR 6/4 d) gravelly 


sandy loam; moderate, fine granular; friable; 
few, fine vertical roots; 50% coarse fragments; 


gradual, broken boundary; O to 2 cm thick. 
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Horizon Depth 
(cm) 

IIBC 7-40 Very dark grayish brown (10YR 3/2 m), grayish 
brown (10YR 5/2 d) gravelly loam; moderate, 
medium granular; friable; plentiful, fine 
random roots; weakly effervescent; mildly 
alkaline; abrupt, wavy boundary; 20 to 40 cm 
thick. 

R 40+ Bedrock. 


These soils are usually rapidly drained but well, moderately well, 
and imperfectly drained variants are present (Table 2). There is no 
visual evidence of pedogenic translocations within the profiles. 

The Alpine Dystric Brunisol at T1ll (Plate 5 ) shows evidence of 
active soil creep that is common when these soils occur on steep 
slopes and at high elevations. This is a rapidly-drained soil 
developed on non-calcareous parent materials at an elevation of 2345 m 
(7700 feet) on the east slope of Wa-Wa Ridge under a Phyllodoce 


glandultflora community type. 


Horizon Depth 
(cm) 
L 1=0 Turf. 
Ah1 0-8 Very dark grayish brown (10YR 3/2 m), dark 


grayish brown (10YR 4/2 d) shaley sandy loam; 
weak, fine granular; very friable; plentiful, 
fine random roots; 50% coarse fragments; 
very strongly acid; clear, wavy boundary; 


5) to 12, cm thick, 
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Alpine Eutric Brunisol 


II (T4) 


The shallow profile 
has a brightly colored 
B horizon (knife = 20 cm) 


PLATE 4. 


Alpine Dystric Brunisol (T9) 


The knife (25 cm) is resting 
on bedrock. 


Alpine Dystric Brunisol 
(T36) 


Large amounts of aeolian 
material are present in 
surface horizons. 


Profile characteristics of Alpine 
Dystric and Eutric Brunisols 
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Plot T1ll is located on the flank of Wa-Wa 
Ridge at 7700'. Plant cover includes Phyllodoce 
glandultflora, Antennarta lanata, and islands of 
Lartx lyallit. 


The soil profile (Alpine Dystric Brunisol) 
has a thick Ah horizon and a discontinuous B 
horizon due to the effects of soil creep. 


PEATE 5. Site andgsoil profile atjplot T1l1 


Horizon 


Ah2 


Bml 


TIBm 


IIBC 


IIC 


Depth 
(cm) 


8-15 


eas) 


18-26 


26-34 


34-70+ 
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Very dark grayish brown (10YR 3/2 m), grayish 
brown (10YR 5/2 d) sandy loam; weak, fine 
granular; very friable; few, fine random 

roots; 10% coarse fragments, strongly acid; 
abrupt, wavy boundary; 3 to 10 cm thick. 

Dark brown (7.5YR 4/4 m) silt loam; weak, fine 
granular; friable; very few, fine random roots; 
abrupt, wavy boundary; 0 to 5 cm thick. 

Dark yellowish brown (10YR 4/4 m), pale brown 
(10YR 6/3 d) silt loam; moderate, medium sub- 
angular blocky; friable; very few, fine random 
roots; 10% coarse fragments; strongly acid; 
clear, wavy boundary; 7 to 12 cm thick. 

Dark grayish brown (2.5Y 4/2 m) clay loam; 
moderate, medium subangular blocky; friable; 

no roots; 15% coarse fragments; gradual, wavy 
boundary; 2 to 10 cm thick. 

Dark grayish brown (2.5Y 4/2 m), light brownish 
gray (2.5Y 6/2 d) silt loam; fragmental; firm; 


strongly acid. 


Alpine Dystric Brunisols are associated with several plant 


community types, especially Phyllodoce glanduliflora, Casstope tetragona, 


Casstope mertenstana, Vaccinium scoparium, and Antennarta lanata 


community types. 


A Degraded Alpine Dystric Brunisol (L1) located at the upper fringe 
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of the forest tundra ecotone on the east slope of Wa-Wa Ridge was the 


only soil examined in the area that showed evidence of eluviation. 


This soil was developed on a 15% slope under a mixed community of 


Phyllodoce glanduliflora, Vaecitntum scoparium and Antennaria lanata 


with scattered individuals of Lartx lyallit displaying krummholz form. 


The profile description of this soil follows. 


Horizon Depth 
(cm) 
L 2-0 
Ah 0-5 
Ahe a9 
Bm 9-17 


Very dark grayish brown (10YR 3/2 d) densely 


rooted turf; abundant, fine and medium horizontal 


roots; and abundant, fine vertical roots; less 
than 5% coarse fragments; clear, wavy boundary. 
Dark brown (10YR 3/3 m), dark grayish brown 
(LOYR 4/2 d) loam; moderate, fine granular; 
friable; abundant, fine random roots; very 
strongly acid; clear, wavy boundary; 3 to 6 cm 
thick, 

Brown (10YR 4/3 m, 5/3 d) loam; weak, fine 
granular; very friable; plentiful, fine random 
roots; less than 5% coarse fragments; very 
strongly acid; gradual, wavy boundary; 3 to 5 
cm thick. 

Dark brown (7.5YR 4/4 m), yellowish brown 
(1LOYR 5/6 d) silt loam; moderate, fine granular; 
friable; plentiful, fine random roots; less 


than 5% coarse fragments; strongly acid; clear, 
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Horizon Depth 
(cm) 

Bm (con't) wavy boundary; 5 to 10 cm thick. 

IIBC 17-24 Yellowish brown (10YR 5/4 m), light yellowish 
brown (10YR 6/4 d) loam; moderate, medium fine 
granular; friable; very few, fine random roots; 
10% coarse fragments; strongly acid; gradual, 
smooth boundary; 5 to 12 cm thick. 

ELC 24-56+ Olive brown (2.5Y 4/4 m), light yellowish gray 


(10YR 6/2 d) loam; fragmental; firm, very few, 
fine random roots; 15% coarse fragments; strongly 


acid. 


This soil may have been under coniferous vegetation at some time 
in the recent past which could account for the presence of an Ahe 


horizon. 


Alpine Eutric Brunisols - Alpine Eutric Brunisols were described and 
sampled in 16 locations (Table 3). These soils occupy various positions 
in the landscape and display a wide range in characteristics. A general 
horizon sequence is L, Ah(k), Bm(k), C(k), (R) with three principal 
variants recognized. 

TYPE I. Alpine Eutric Brunisols in the rolling alpine divide area 

have essentially the same occurrence, sequence and depths of horizons 
and similar textures, structure and consistence as the Alpine Dystric 
Brunisols. Separation of these soils was made on the basis of reaction 
and base saturation of the Bm horizons. The soil at plot T3, which is 


adjacent to T9 described above, is representative of this type of 
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Alpine Eutric Brunisol. 


This is a rapidly-drained soil located at an 


elevation of 2330 m (7700 feet) on a gentle west-facing slope east of 


Rock Isle Lake under a Phyllodoce glanduliflora community type. The 


profile description of this soil follows. 


Horizon 


Bm 


ITIBC 


ITICk 


Depth 
(cm) 


3-0 


OES) 


sy is) 


SoU 


50-704 


Very dark gray to black (10YR 2.5/1 d) fibrous 
turf; abundant, fine raadom and abundant, medium 
horizontal roots; strongly acid; abrupt, smooth 
boundary. 

Very dark grayish brown (10YR 3/2 m), very dark 
gray (1OYR 3/1 d) silt loam; weak, fine granular; 
very friable; plentiful, fine vertical roots; 15% 
coarse fragments; medium acid; clear, wavy 
boundary; Ll to,o cmethick, 

Dark. brown) (7 sR) 4) 4amsn LOYR 4) Ged)! Si11e) loam: 
weak, medium granular; very friable; few, fine 
vertical roots; 15% coarse fragments; neutral; 
clear, wavy boundary; 4 to 15 cm thick. 

Yellowish brown (10YR 5/6 m, 5/4 d) gravelly 
silt loam; moderate, fine granular; friable, 

very few, fine vertical roots; 40% cobbles; 
mildly alkaline; 10 to 20 cm thick. 

Dark brown (10YR 4/3 m), grayish brown (10YR 

5/1 d) very gravelly sandy loam; very few, fine 
vertical roots to 40 cm; 70% coarse fragments; 


mildly alkaline. 
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The Ah and Bm horizons have considerable aeolian content mixed 
with the till and have been moved and mixed by mass wasting and ground 
squirrel activity. The IIBC is till that has been moved or loosened 
by roots; and the IICk is more compact till that has not been disturbed. 
TYPE II. Alpine Eutric Brunisols located on steep westerly-facing 
slopes at high elevations (Tl, T4, T18, T19, and T28) have distinct cha- 
racteristics (Plate 4). Due to exposure to the prevailing winds these soils 
have light snow cover and experience early snow release and moisture 
stress during the summer. Vegetation at T4, T18, and T28 consists of 
Dryas hookertana community type and at Tl and T19 of a Dryas hookertana - 
Carex sctrpotdea type. All of these soils, except at T4, are calcareous 
in the B and C horizons and often in the A horizons. Profile develop- 
ment is weak and these soils are associated with Regosols. Large 
amounts of scree are present on the surface of these soils and bedrock 
often occurs within 50 cm. Lenses of aeolian materials are occasionally 
found in the surface horizons. 
TYPE III. The soils at sites T32, T52, and T55 were also classified 
as Alpine Eutric Brunisols. These soils occur on wind-exposed south- 
facing slopes under Kobresta myosurotdes community types where snow 
cover is light to absent. The following profile description of a 
rapidly-drained soil at site T55 on Quartz Hill at 2510 m (8300 feet) 


is typical of those soils under Kobresta. 


Horizon Depth 
(cm) 
L 4-0 Fibrous turf; abundant, fine random roots; 


gradual, wavy boundary; 2 to 7 cm thick. 
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Horizon Depth 
(cm) 

Ahk 0-15 Black (10YR 2/1 m), very dark gray (10YR 3/1 d) 
loam; moderate, medium granular; very friable; 
abundant, fine vertical roots; very weakly 
effervescent; 5% coarse fragments; neutral; 
gradual, wavy boundary; 10 to 20 cm thick. 

Bmk 15-18 Yellowish brown (10YR 5/6 m) silt loam; weak, 
fine granular; very friable; plentiful, fine 
vertical roots; very weakly effervescent; 10 
to 15% coarse fragments; mildly alkaline; abrupt, 
broken boundary; O to 5 cm thick. 

LPC 18-50+ Dark grayish brown (10YR 4/2 m), grayish brown 


(1OYR 5/2 d) very gravelly sandy loam; few, fine 
vertical roots to 40 cm; weakly effervescent; 


80% coarse fragments; mildly alkaline. 


The Ah horizons under the densely-rooted Kobresta turfs are some 
of the deepest and darkest colored found in the area. Bulk density of 
these Ah horizons is low (0.5 to 1.0 g mie yy The C horizons are 
sandier and have higher coarse fragment content than the A or B horizons. 
Soils in three late snowbed areas (Plots T20, T40, and T47) under 
Saxtfraga lyallitt communities are examples. The turfs are not continuous 
and are not as densely rooted under the discontinuous Saxtfraga cover 
as under other community types. Solum thickness varies from 0 cm where 
large boulders protrude from the colluvium or where recent mass-wasting 


has caused profile disruption, to 40 cm in more stable areas. The 
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combination of churning and mixing by mass-wasting and weak horizon 
development makes horizons difficult to separate. At plots T10 and T14 
Alpine Eutric Brunisols have developed on alluvial deposits under 

Saltx barratttana communities. The plots are located on slightly 
raised landscape positions that are presently above the level of stream 
flow but are poorly drained. An imperfectly drained Alpine Eutric 


Brunisol was observed at T37 under Saltx arctica community type. 


Orthic Regosols - Orthic Regosols of two main types were found 
associated with Alpine Eutric Brunisols in late snowbed locations and 
on high windswept slopes (Table 4). These are mineral soils with an 

L, Ah(k), C(k), (R) horizon sequence that are freely drained. They 
occur on calcareous and non-calcareous parent materials. 

TYPE I. Orthic Regosols that have thin, discontinuous Ah horizons 
occur in late snowbed areas. Snowmelt occurs in August although small 
patches of snow may not melt in some years. The Orthic Regosol at 133, 
in a snowbed location on the east side of Quartz Hill is an example 
(Table 4 and Appendix). 

TYPE II. Orthic Regosols with deep, dark-colored Ah horizons are common 
at high elevations on steep, wind-exposed slopes. The rapidly-drained 
Orthic Regosol at T7 (Plate 6) on an 11% southwest-facing slope of 
Lookout Mountain at 2540 m (8400 feet) is representative of many of the 
Type II Orthic Regosols that occur on the high, wind-desiccated slopes 
under Dryas hookertana and Dryas hookertana - Carex setrpotdea 


community types. The profile description of this soil follows. 


a 


nostto:l sssw iad adeeb c » 

MIT bas OLT arolq FAT Si all 
yeabny etteocsb) ntwabte no bo 
yisigife no ae henge ane 
meesy73# Yo fewsl oso svodg es Wil cians 
six308 ontgiA bonierb visostisqat nA Lhontasb ylxeeg one dud wor? a 


.saus yticummos onitem wiln® vobay YeT t6 bavrsedo eau — - 
; oy 


‘'hawot exaw aaqys otem owt to afoscged abdz70 - wipagest ghee” 7 
bis enoktinaol bo swonte: stsl of afostnaxa ofviuv’ sobgis dgiw bsisizoses © Lh 
as dtie eltoe Isxentm ote oasdT .(* ofdsT) esqola Jqewabatw art. net, '. 


vari? .benloxh ¥feox8 Site ted9 aonsupse mostxod (fH) , (4)9 <i a re 
.2fabiedem deetsg avestsolso-oem bos euvostssino 40 14390 a 
aaosivol i. suounttansekh ,atdd sved jada elogogea otdtx0 Last 
(feme dgvorttle teuguA ot axvesoo Jiemwong .Ge°18 bedwone otel ak 20990 
L££T ts LfoengsA aidsxO sfT  .eusoy omoe at tiem Jom yam wona to eersdag 
sigzsxs aa ek ith sizeuQ Yo sbre teas sls no sokissol badwone 6 at 
-  GatbuoggA bas § eldet) 
sommes sts enosired HA bsroloo-dieb .qseb d3iw sfoaoget otits20 “ase . 
honterb<piblqss si! .esqole hegeqxe-bnkw .qseza go snotzevele fight 20 
to oqole grizneIteewlsede RIL ms oo (a 93019) TT 4s osogaa obdsx0 | 
ad3 Yo vnkm Yo svkanIdegorges at (250 OOSE) @ OSC 3s demed auosoot 
eoqnSe: upidiitebeinbe gel Wi Asad Vas ‘Licecsah spawn ane 
patogntoe HERD - onptasiook sag bne sxobtodoed eng rebar 
,eWo10% £262 otis to soligi=oee6 olHorq edt .esqys ¥3imummos 
ipl "Os Gh aS . - hehe s Seves 


eek ov. i a | = Ss ie el, 


Table 4 SITE CHARACTERISTICS OF ORTHIC REGOSOLS 


Type I Type II Other 
Plot £335 T6 tn | T54 
Elev. m 2340 2415 2560 2400 
eh 7670 7950 8400 7860 
Slope % 60 30 Vk LO=E5 
Aspect gt W SW S 
Drainage p17 D1 D1 D1 
P.M. c eas Ce AtC 
BR BR i 
P.M. reaction (SSS SS alkaline 
Plant comm. Saxtfraga Dryas Dryas hookertana Casstope 
type lyallit hookertana Carex sctrpotdea tetragona 
Mass-wasting nite - + + 
Snow release late early early early 


Letters indicate compass directions 
Drainage class, Dl = rapidly drained 
Parent materials, A = aeolian, C = colluviun, 
T = till, BR = bedrock 
4 + indicates disturbance, ++ indicates severe disruption 
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Horizon 


Ahk1 


Ahk2 


IICk 


Depth 
(cm) 


2-0 


bras) 


15-60 


60+ 


47 


Dryas turf; plentiful, fine vertical and abundant, 
medium horizontal roots; clear, smooth boundary; 
1 to 3 cm thick. 

Very dark gray (10YR 3/1 m, 3/1.5 d) gravelly 
silt loam; weak, fine granular; very friable; 
plentiful, fine random roots; moderately 
effervescent; 50% coarse fragments; mildly 
alkaline; clear, broken boundary; 0 to 15 cm 
thick. 

Dark brown (10YR 3/2 m), dark grayish brown 
(1LOYR 4/2 d) silt loam; weak, fine granular; 
very friable; few, fine vertical roots; 
moderately effervescent; 15% coarse fragments; 
mildly alkaline; abrupt, wavy boundary; 5 to 

15 cm thick. 

Brown (10YR 5/3 m), light brownish gray (10YR 
5.5/2 d) very gravelly sandy loam; single 
grained; loose; few, fine vertical roots to 

40 cm; strongly effervescent; mildly alkaline; 
abrupt, irregular boundary. 


Bedrock. 


These soils are severely disrupted by soil creep and frost action 


and vary considerably as to depth of horizons and depth to bedrock with 


local slope. 


The Orthic Regosol at T54, under Casstope tetragona community type 
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The Orthic Regosol II at T7 occurs at 8400' 
under a mixed Dryas - Car2x community type. 
(knife handle = 10 cm). 


The Rego Humic Gleysol at T27 is typical of 
soils in poorly drained areas. 


PLATE 6. Orthic Regosol and Rego Humic Gleysol profiles 
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has a deep, black Ah similar to those Alpine Eutric Brunisols under 
Casstope and Kobresta, but active soil creep processes have inhibited 


the development of a B horizon. 


Cumulic Regosols - Two types of Cumulic Regosols were recognized 
in the area. 
TYPE. Soils developed on recent alluvial deposits in runoff 
channels or basins where periodic deposition of sediments buries 
previously-developed Regosolic profiles have Ah, C, Ah, C ... profiles 
in which organic matter content decreases irregularly with depth 
(Plate 7). These soils are classified as Type I Cumulic Regosols. 
These soils were described and sampled in six locations (Table 5). 
Saltx barratttana community type occurs at four of these locations 
with Saltx arettca and Carex nigricans community types at the other 
two sites. Soil textures are usually silt loam throughout the profile 
and the soils are often poorly drained. 
DYE Reali. Soils developed on steep slopes, generally north-to-east 
facing, where very active soil movement results in a series of truncated 
and buried soil profiles were classified as Type II Cumulic Regosols 
(Plate 7). These soils experience late snow release and moist 
conditions late in the summer. There is often limited groundwater 
seepage on the slopes. These soils were described and sampled at 
3 locations (Table 5). Plant cover at these sites consists of 
Anemone occtdentalts community type. 
Soil profiles are severly disturbed with deeply churned AC 
horizons often being evident. Rocks beneath or partly beneath the 


soil surface turn while moving downslope causing folding and mixing 
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Cumulic Regosol (1) 
commonly occurs on alluvial 
deposits under Saltx barratttana 
(knife handle = 10 cm). 


Cumulic Regosol (II) 
occurs on steep, active slopes 
under Anemone oectdentalts. 


PLATE 7. Cumulic Regosol soils 
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Gleysols - Gleysolic soils were observed in areas of groundwater 
discharge and ponded runoff (Table 6). The soils are saturated with 
water throughout the year, have matrix colors of low chroma, and are 
mottled in some horizons (Plate 6 ). The Bg and occasionally the Ahg 
horizons lack structural development. Textures are generally silt 
loam throughout the profile. 

An Orthic Gleysol occurs at Plot T46 under Carex eleustinoides 
community type and Orthic Humic Gleysols (with an Ah > 8 cm thick) were 
described and sampled at T26, T43, and T45. Eriophorum scheuchzert 
communities are present at T26 and T45 and an Eriophorum angusttfoltum 
community type at T43. Surface relief of the soil at T43 is hummocky, 
with as much as 30 cm relief. A peat accumulation of up to 10 cm in 
thickness is present. 

Rego Humic Gleysols, which have no B horizons, occur at several 
locations (T2, T27, T38, and T48). The profile description of the Rego 
Humic Gleysol at T27 under an Hritophorum angusttfoltum community in a 
groundwater discharge area east of Wa-Wa Ridge illustrates the low 


chroma colors and profile morphology of the Gleysolic soils in the area. 


Horizon Depth 
(cm) 
Ahg 0-10 Very dark gray (5Y 3/1 m), light olive brown 


(2.5Y 5/4 d) gravelly sandy loam; weak, medium, 
granular; slightly sticky; plentiful, fine 
random roots; 15% coarse fragments; slightly 


acid; abrupt, wavy boundary; 8 to 12 cm thick. 
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Horizon Depth 
(cm) 

Cgl 10-35 Gray (N5 m) light gray (5Y 6/1 d) silt loam; 
common, fine distinct olive (5Y 4/4 m) mottles; 
amorphous; firm; very few, fine random roots; 
medium acid; diffuse, smooth boundary. 

Cg2 35-55 Gray (N5 m), olive (5Y 5/3 d) silt loam; many, 
coarse, prominent brown (10YR 4/3 m) mottles; 
amorphous; firm; 5% coarse fragments; neutral; 
diffuse, smooth boundary. 

Cg3 55+ Gray (N5 m) silt loam; amorphous; firm. 

Earth Hummocks - Patterned ground features classified as earth 


hummocks (Washburn, 1956) are present in several locations within the 
study area. Cross sections of the hummocks were examined at plots 
T23, T24, T25, and T51 (Table 7). At each location the hummocks 
occupy a small enclosed depression (ca. 30 m diameter) in the landscape 
(Plate 8). The hummocks are developed on deposits of Mazama ash of 
up to 1 min thickness. The ash is underlain by a thin lacustrine 
deposit suggesting the ash was deposited in a pond which might account 
for the unusual thickness of the deposit. The hummocks are approxi- 
mately 75 cm in diameter and have 20 to 40 cm relief. Carex nigricans 
uniformly covers the hummocky pattern providing a continuous, densely- 
rooted turf. Plate 8 and the following profile description of the 


hummocks at T24 illustrates the profile morphology of these soils. 
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Earth hummocks in the basin at right center 
(124) experience fairly late snow release, as 
evidenced by the yellow cover of Carex nigricans. 
Aug. 91972. 


Surface morphology of the Soil profile under the earth 
earth hummocks. Aug. 19, 1970. hummocks. (knife = 25 cm). 


PLATE 8. Photographs of the Earth Hummocks 
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Table 7 SITE CHARACTERISTICS OF THE EARTH HUMMOCKS 


Plot 123 T24 1Z5 toe 


Elev. m 2250 2290 2290 2310 
Ve 7400 7500 7500 7560 
Slope % - - ~ 0-1 
Aspect - - a oe: 
Drainage D4 D4 D4 D4 
P.M. Ash Ash Ash Ash 
P.M. reaction Acid Acid Acid Acid 
Plant comm. Carex Carex Carex Carex 
type nigricans nigricans nigricans nigricans 


1 Drainage class D4 = imperfectly drained 
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Profile Sketch (1/10 scale) 


Fibrous turf; abundant, fine random and abundant, 
medium horizontal roots; clear, wavy boundary. 
Black (10YR 2/1 m), dark grayish brown (10YR 

4/2 d) silt loam; weak, fine granular; very 
friable; abundant, fine vertical roots; strongly 
acid; irregular boundary. 

Strong brown (7.5YR 5/6 m) silt loam; weak, 
medium granular; friable; plentiful, fine random 
roots; medium acid; clear, broken boundary. 
Yellowish brown (10YR 5/6 m) silt; weak, medium 
platy; very friable; plentiful, fine vertical 


roots; slightly acid; gradual, wavy boundary. 
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Strong brown (7.5YR 5/6 m) interband and 
yellowish red (5YR 4/6 m) bands, silt; strong, 
fine platy; firm; few, fine vertical roots; 
Slightly acid; clear, wavy boundary. 

Light yellowish brown (10YR 6/4 m) silt; 
amorphous; firm; very few, fine vertical roots; 
slightly acid; abrupt, smooth boundary. 

Dark grayish brown (2.5Y 4/2 m) silty clay loam; 
amorphous; firm; very few, fine vertical roots; 
gradual, smooth boundary. 

Light olive brown (2.5Y 5/4 m) silty clay loam; 


amorphous; firm; roots to 75 cm; medium acid. 
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Summary of Field Investigations 


Significant relationships were noticed between soils, plant 
community types, and environmental parameters which are summarized 
in Table 8. Attempts at comparing characteristics of plant and soil 
distribution patterns must be done using comparable levels of 
abstraction in the classification scheme of each. In this discussion, 
plant community type is compared to soil subgroup in the case of the 
Alpine Dystric Brunisols and the Gleysolic soils and to subdivisions 
of other subgroups. These subdivisions are approximately equivalent 
to a soil series level of classification. 

Alpine Dystric Brunisols and the morphologically similar Type I 
Alpine Eutric Brunisols are the most common soils in the undulating 
to rolling alpine divide area and are commonly associated with 
Phyllodoce glandultflora and Antennaria lanata community types. 
These are turfy alpine soils with dark Ah horizons and high amounts 
of amorphous colloids in their A and B horizons. 

Casstope tetragona community types are often associated with 
Alpine Dystric Brunisols on fairly exposed slopes and ridges. 

In the late snowbed areas on lee slopes Type I Orthic Regosols 
and weakly developed Alpine Eutric Brunisols with discontinuous Ah 
horizons occur under sparse communities of Saxtfraga lyallit. 

On the steep, west-facing slopes at elevations generally greater 
than 2380 m (7800 feet) Dryas hookertana and Dryas hookertana - 
Carex sctrpotdea community types occur, often in striped patterns, 
on Type II Orthic Regosols and Type II Alpine Eutric Brunisols, both 


of which have deep Ah horizons. These soils may be calcareous to the 
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Table 8 SOIL CLASSIFICATION, PLANT COMMUNITY TYPE AND 


SITE CHARACTERISTICS OF THE SAMPLE PLOTS 


Soil Classification 


Cumulic 
Regosols 


Orthic 
Regosols 


Alpine 
Dystric 
Brunisol} I 


Alpine Eutric 
Brunisols 


Plant 
Community 
Type 


Dryas hookertana 
Carex setrpotdea 


Saxtfraga lyallit 


Kobresta myosurotdes 


{ 


Casstope spp. 


(54) 


ela 


Phy Llodoce 
glandultflova 


par ae 


(ee) 


wi 
fo) 


> 


Saltx barratttana Ws22 


34,35 


Anemone 


) 21,29 
oeetdentalis 


39,44 


e 
S 
w 
BS 
— 


Carex nigricans 


Ertophorum spp. 
eee 


The numbers indicate plot numbers with the "T" designation omitted. 
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surface and are severely disrupted by soil creep. 

Kobresta myosurotdes communities were found on high, southerly 
exposed slopes in association with Type III Alpine Eutric Brunisols 
which have deep, black Ah horizons and Bm horizons of high chroma. 

Type I Cumulic Regosols have developed on alluvial deposits 
in drainage channels under Saltx barratttana community type. Type II 
Cumulic Regosols are present on steep north-to east-facing slopes 
where mass-wasting is very active under Anemone occidentalis community 
type. Both types show sequences of buried horizons. 

Carex eleustnotdes, Ertophorum scheuchzert,and Eriophorum 
angusttfoltum community types occur in poorly drained depressional 
areas where the soils are saturated with water most of the year. 

Where plant cover is discontinuous or sparse Orthic and Rego Humic 
Gleysols occur but some of the wet soils have more continuous plant 
cover, have deep Ahg horizons, and are classified as Humic Gleysols. 

The earth hummock patterns have developed on thick accumulations 
of volcanic ash under continuous cover of Carex ntgricans community 
type. The highly turbated soils cannot be classified using the present 


Canadian system. 
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PART IV. LABORATORY INVESTIGATIONS OF THE SOILS 


Methods 


Soil samples collected in the field were air dried and crushed in 
a steel roller mill. The material passing through a 2 mm sieve was 


stored in glass containers for laboratory analyses. 


Physical Analyses 


Particle size distribution - The hydrometer method of Day (1965) was 
used. Organic matter was removed using 35% hydrogen peroxide. Carbonates 


were not destroyed. Sand fractions were determined by sieve analysis. 


Specific gravity separations - The fine sand fractions (0.25 - 0.10 mm) 


were divided into four fractions using bromoform - benzene (s.g. 2.50), 


bromoform - benzene (s.g. 2.75) and tetrabromoethane (s.g. 2.94). 


Bulk density - A small hand coring device was used to take volume 
samples in the field. These were stored in plastic bags and oven 


dried and weighed. 


Particle density - An air comparison pycnometer was used to obtain 


mean particle density of the <2 mm soil fraction. 


Soil Moisture Analyses 
Air-dry moisture percentage - Air-dry moisture content was determined 


by oven drying samples overnight at TOS C: 


15 bars moisture percentage —- Moisture content at 15 bars tension was 


determined by the method of Richards (U.S. Salinity Laboratory Staff, 


1954) using a cellulose membrane in a pressure membrane apparatus. 
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1/10 bars moisture percentage - Moisture content at 1/10 bars tension 
was determined by the method of Richards (U.S. Salinity Laboratory 


Staff, 1954) using a pressure plate apparatus. 


Chemical Analyses 


Soil reaction - pH values were determined by two methods; (i) the 
Saturated soil paste method of Doughty (1941), and (ii) a 2:1 solution: 
soil ratio using 0.01 M CaCl, (Peech, 1965). In both cases a Beckman 
model zeromatic pH meter with glass and calomel electrodes was used 


for measurement. 


Total nitrogen - The Kjeldahl-Wilfarth-Gunning method (A.0.A.C., 1955) 
was used for the determination of total nitrogen. The catalyst used 
was HgO (0.41 g), CuSO, (0.08 g), and K,SO,, Co 9ne) Seated ina 
polyethylene bag and sold commercially as Kel-pak. The ammonia was 
collected in a 4% HBO, solution as suggested by Meeker and Wagner 
(1933) and titrated against standardized H,S0, . 

Organic carbon - A modification of Walkely's wet oxidation method 
(U.S. Salinity Laboratory Staff, 1954) was used to determine organic 


carbon content. Percent organic carbon was multiplied by the Van 


Bemmelen factor of 1.72 (Waksman, 1938) to give percent organic matter. 


Calcium carbonate equivalent - A Smolik calcimeter (Bascomb, 1961) 

was used to estimate calcium carbonate equivalent based on the increase 
in volume of a closed system due to release of CO, when HC1 is added 

to a soil sample. The CO, evolved was converted to Caco, equivalent. 
This analysis was performed on soil samples with a pH (water) of 7.0 


or greater. Soils with pH less than 7.0 are not expected to contain 
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appreciable amounts of carbonates. MgC0O, and CaMg(CO.,), may contribute 
3 2 Bae 


to the Caco, equivalent data. 


Exchangeable cations and total exchange capacity - Exchangeable cations 
were extracted with 1N ammonium acetate buffered to pH 7.0 as outlined 

in A.O.A.C. (1955). Exchangeable calcium, magnesium, potassium, and 

sodium were determined with a Perkin-Elmer model 303 Atomic Absorption 
Spectrophotometer. Total exchange capacity (TEC) was determined by 
extraction of adsorbed ammonium ions with 1N sodium chloride and distillation 


of the extract as outlined in A.0.A.C. (1955). 


Exchangeable acidity - Exchangeable acidity was determined by leaching 
the soil with 0.5N barium acetate. The leachate was titrated with 


standardized sodium hydroxide as suggested by Brown (1943). 


Oxalate-extractable aluminum and iron - The oxalate extraction method 
of McKeague and Day (1966) was used for extraction of amorphous 
aluminum and iron. Aluminum was determined colorimetrically with 


Aluminon and iron by atomic absorption Spectrophotometry. 


Pyrophosphate-extractable aluminum and iron - A 0.1M pyrophosphate 


extraction (McKeague, 1967) was used to extract organically-complexed 
aluminum and iron. Aluminum and iron were determined by atomic 


absorption spectrophotometry. 


Phosphorus - An estimation of available phosphorus was made using the 
sodium bicarbonate extraction method of Olsen et al.,(1954). Phosphorus 
was determined colorimetrically with the ascorbic acid-reduced molybdo- 


phosphoric blue color method of Alexander and Robertson (1970). 
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Clay Mineralogy Investigations 


Clay separations - Clay-size particles were separated using centri- 
fugation after sample pretreatments with 35% hydrogen peroxide, 


sodium acetate (pH 5.0), and citrate-dithionite (Kittrick and Hope, 


1963). 


X-ray diffraction analysis - Mg- and K-saturated total clay fractions 
(<2u) were oriented on glass slides (Jackson, 1956). The clays 
received the following treatments: 
(i) Mg saturation, air dried, (ii) Mg saturation, glycolated, 
(iii) K saturation, air dried, (iv) K saturation, heated to 
350°C for 4 hours, (v) K saturation, heated to 550°C for 4 
hours. A Philips x-ray diffractometer using nickel-filtered 


Cuk® radiation was used to obtain diffraction patterns. 


Amorphous clay-size material - A quantitative estimate of amorphous 
aluminosilicates in the total clay fraction was made using the NaOH 
dissolution procedure of Hashimoto and Jackson (1960). Aluminum was 
determined with Aluminon (Hsu, 1963) and silica by the molybdate method 


(Kilmer, 1965). 
Results and Discussion 


Particle Size Distribution 


Particle size analysis was done on an organic matter-free basis 
but carbonates were not removed as pretreatment with HCl was found to 
drastically alter particle size distribution of those soils developed 


1 
on calcareous parent materials (Knapik, unpublished). ‘the presence 


1 Soil Science 531 project report, April, 1971 
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of carbonates did not prevent good dispersion with sodium hexameta- 
phosphate. 

Particle size distribution results for the 8 selected profiles 
are shown in Table 9. The Ah and Bm horizons are typically silt loam 
in texture while the IIC horizons, with 10 to 40% less silt, are 
typically loam to sandy loam in texture. Clay content is low (2 to 
20%) throughout the profile. Cumulative particle size distribution 
curves of the Ah, Bm, and IICk horizons of Alpine Eutric Brunisol T3 
are shown in Figure 5. These curves illustrate the change in silt 
content from the Ah and Bm horizons to the IICk horizon. Median 
particle size diameter (50% cumulative percentage) of the solum 
samples is in the coarse silt fraction whereas for the IICk sample 
median particle size is very fine sand. These curves can be compared 
to those of the ash samples from the earth hummocks in Figure 6. The 
curves representing the predominately ash Ah and C horizons are 
almost entirely within the silt size class and show a median particle 


size of approximately 20n. 
Sand Fractions 


Particle size distribution of the sand fractions from the selected 
profiles are given in Table 9 as percentage of total sand. The very 
fine sand content decreases sharply at the boundary between the I and 
II materials which reflects the distribution of aeolian materials. 

Problems were encountered in correlating sand percentages as 
determined by the hydrometer method with values obtained by sieve 
separation of those soils containing large amounts of ash. The sand 


percentages obtained by hydrometer analysis, with particle density 
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Figure 5. 
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accounted for, were lower than those obtained by subsequent sieve 
separation of the samples used in the hydrometer analysis. The 
suggested reason is that the non-spherical shape, vesicular nature 

and low particle density of the ash particles causes them to settle 

at a slower velocity than predicted by Stoke's Law. Thus a particle 
with a diameter in the very fine sand class may settle at the velocity 
expected of a silt-sized particle. As the modal size class of the 

ash is very fine sand to coarse silt (Figure 6) a slight deviation 
from Stoke's Law could produce a fairly large over-estimation of the 


silt content. 


Specific Gravity Separations of Fine Sand 


The fine sands of selected soils were separated into four fractions 
based on specific gravity in order to obtain a preliminary indication 
of the mineral suite of these soils (Table 9). 

The 2.50 s.g. separation was made primarily to separate volcanic 
glass shards. Some quartz and potash and plagioclase feldspars (mainly 
of volcanic origin) can also be expected in this fraction (Pettapiece, 
1970). Those minerals with s.g. between 2.50 and 2.75 include quartz, 
some carbonates, potash and plagioclase feldspars, and some volcanic 
fragments. The 2.75 - 2.94 s.g. fraction will include the bulk of the 
carbonate minerals and some pyroxenes, amphiboles and volcanic frag- 
ments. Such heavy minerals as the ortho and clino pyroxenes, amphiboles, 
zircon, tourmaline and chlorite have specific gravities greater than 
2.94. 

The high content of minerals with s.g. <2.50 in the surface 


horizons of the well-drained soils and in the earth hummocks confirms 
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the presence of volcanic ash in these soils (Table 9 ). The absence 
of ash in the lower horizons is also clearly illustrated. The earth 
hummock soil (124) is composed predominantly of ash down to the IICg2 
horizon which is a lacustrine deposit. 

The increase of carbonate minerals with depth is illustrated for 
those soils developed on calcareous parent materials. 

Heavy mineral content is generally low in all soils, especially 


when high contents of volcanic ash are present. 
Bulk Density 


Bulk density values (Table 10) for some of the selected soils 
CNG that typical values for Ah horizons are in the order of 0.6 
tonU.Ga¢ Sh These low values result from the high organic content 
and turfy nature of the surface horizons and also the high volcanic 
ash content. Density values increase sharply with the change to the 
till-colluvium of the IIBC or IIC horizons. Bulk densities were not 


determined on stony soils. 


Particle Density 

Particle densities (Table 10) also reflect the differences in 
parent materials. The A and B horizons, with a significant volcanic 
ash component, have low particle densities while the IIC horizons, 
made up of colluvium and till, have greater contents of heavier 


minerals. 


Moisture Relationships 


The 0.1 and 15 bar moisture percentages (Table 10) indicate energy 


relationships of water retention in these soils. Both 0.1 and 15 ba: 
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Table 10 BULK DENSITY, PARTICLE DENSITY, AND MOISTURE DATA 


FOR SELECTED SOILS 


Sample Bulk Particle Moisture Relationships 
Profile and Depth Dens. Density % on 0O.D;. wt.) basis 
Horizon (cm) g cm-3 g cm-3 1/10 bar 15*bar 


Alpine Dystric Brunisols 


T9 Ah O21 - - 92 46 
Bm 1-6 - 2-16 eens 33 
LIBC 7-40 - 2.80 38 6.0 

T17 Ah 0-3 0.6 2.30 72 34 
Bm 3-20 0.8 2.58 = - 
LIBC 20-40 Ss: 2.73 15 4.8 
TICk 40-70 - 2.76 24 6.0 

tee AD 0-5 0.6 - 72 34 
Ahe 5-9 ~ 252 48 17 
Bm 9-17 0.8 2.52 54 20 
LIBC 17-24 - 2482 23 9.4 
TEC 24-50 1.6 2.82 25 8.8 


Alpine Eutric Brunisols 


T3 Ah 0-5 - = 88 39 
Bm es = 2.41 74 22 
IIBC 13-30 a 2 Od: 34 et: 
IICk 30-60 fault 27 23 

T55 Ahk O=15 = = 94 38 
Bmk 15-13 a 2. 42 86 19 
IICk 18-50 = Zaow 24 6.4 


Orthic Regosol 


T7 Ahkl 0-5 0.6 = 100 38 
Ahk2 5-15 0.8 - 79 24 
LICk 15-60 = 2291 20 3eL 

Rego Humic Gleysol 

T27 Ahg 0-10 ~ Die 52 a2 14 
Cgl 10-35 _ 2053 32 Sed) 
Cg2 35-55 = owe) 34 12 

Earth Hummocks 

T24 Ah 0.4 - 100 Al 
Ah+Bm1 0.6 2220 120 24 
Bm2 0.6 the si) 92 14 
Bm3 0.6 2.33 86 7 
C - 2.40 83 8.1 


IICg2 alley 2.88 36 2 
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water content are highest in the Ah horizons which reflects organic 
matter content. The fairly high 0.1 bar water in the Bm horizons is, 
probably due to retention by organic matter and by amorphous colloids. 
A sharp decrease in water retention is evident in the IIBC and IIC 


horizons. 
Soil Reaction 


Soil pH values, measured in both water and CaCl, suspensions, are 
reported in Table 11. The Alpine Dystric Brunisols are very strongly 
to strongly acid (paste pH) in the turf and Ah horizons, and Bm 
horizons are strongly to medium acid (paste pH 5.4 - 5.8). These pH 
ranges are favorable for the mobilization of aluminum and iron 
(Acquaye and Tinsley, 1965). The parent materials may be alkaline or 
acid depending on the geologic source. 

The Alpine Eutric Brunisols display somewhat different pH trends. 
The turfs and Ah horizons may be as acid as the Dystric soils but the 
Bm horizons are less acid and may be moderately alkaline as in those 
weakly-developed soils on strongly calcareous parent materials. 

Orthic Regosol T7 is moderately alkaline throughout the profile, 
reflecting the influence of a very calcareous parent material. The 
turf and Ah horizons of some of the Orthic Regosols may be slightly 
acid. 

The Gleysolic soils are often moderately to slightly acid in the 
surface horizons and pH generally increases to alkaline in the Cg 
horizons. 

The earth hummock soils are acid throughout the profile, with pH 


increasing slightly with depth. 
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The CaCl, pH values, which are intended to more closely represent 
intrinsic soil reaction characteristics (Schofield and Taylor, 1955; 
Peech, 1965) show similar trends to the water pH values and are 


usually 0.5 to 0.7 pH units lower than the water values. 


Organic Matter and Nitrogen 


Organic carbon contents (Table 11) are high (10-13%) in the Ah 
horizons and may be as high as 4 to 8% in Bm horizons. Total nitrogen 
in Ah horizons of 0.7 to 1.0% (Table 11) are common. Nitrogen content 
decreases rapidly with depth, as does organic matter content. C/N 
ratios are typically in the range of 12 to 14 but may be as high as 17 
(Table 11). 

These results concur with those reported for other alpine areas 
(Retzer, 1956; Nimlos and McConnell, 1965). Sneddon, Lavkulich and 
Farstad, (1972) reported good correlations between organic carbon 
content and such soil properties as hygroscopic and 15 bar water, 
volcanic ash content, cation exchange capacity, exchangeable K, total N, 


and total S for alpine soils in British Columbia. 


Calcium Carbonate Equivalent 


caco, equivalent (Table 11) usually increases with depth due to 
carbonation and the presence of aeolian materials in surface horizons. 
The Alpine Dystric Brunisols, with acidic sola, have free carbonates 
only in the C horizons of those profiles developed on calcareous 
parent materials. The Alpine Eutric Brunisols may have free carbonates 
present in the Ah and Bm horizons. 


Very high CaCO, equivalents were obtained for some soils developed 


2 


on limestone-derived colluvium. Orthic Regosol T7 is an example with 


78 


r inasexqet yiseois & 
s22@L ,rolvsT bas 


a4 odi nt (SCL+OL) dgld ove (12 seer) bas 3 seiethe 


asgovita [stoT .anosirod ma ot SA oF @ aa dgtd cs od cam bas anosized 


a 


ins3no> asgev2ih .aommo> sas (Lt sidet) RO-t 09 /1.0 to eaoatrod dh at _ 


- 

“\D .taednoo 1933am oltegro eedb an ,Hiqeb dite. fvibbors esianoroeb =) 

CE ao digti! oo 2d Yom Sud Ak 09 Sf fo sgnex odd at yLtastays exe sokiax 7 
ALE aids) 7 

eeots sniqie yedte tot basreqe7 seods ditw romeo etivess seotT a 
fits dotted ,nobbon? .(200L ,flomtodgM bas sole :a2er _r98ted) oa 
nodta> oinsgyo asswied enoizsiexr,es boog cexyaget (SCL) ,bssers3 ae 


,193ew ied 2f bas ofqoseoreyd es eatitssqorg Ilos ee bes Jn93n03— 


“iiesgot ,M sideesgnedoxe ,.vitosgso sgnadoxe noitss Ina 3n09 des otnsolov 
-nitdavylod dalsix8 at elloe seiqis 103 2 fexo3 bas " 


od sub #2qeb daiw asesetont yliswaw (If sidaT) snsfeviupe ,098D, 9 
-enosiron sostiwe Al elatzesem malioss to someesrg 9111 bas nol eand18> | 
ssJsnodis> 9923 sved ,slos obbtor fiw . sfoataux8 oistay@ satqis ait 


evowsesinn mo boqoteveb salttorq seons to onoeivod 9 ods a vino 
j vt 


nosangtiel: gest ou yam aloatmr® otza% aatgls of a r 
-enosixor 4% bas dA odd nk 7 


“Gin 
—_ 
f 


Caco. equivalent values of 21.8% in the Ahkl, 35.0% in the Ahk2, and 


Oia. in ther lick. 
Iron and Aluminum 


The acid ammonium oxalate extraction is intended to extract 
amorphous Fe and Al oxides. Oxalate-extractable Fe and Al values are 
used to differentiate various types of B horizons in the System of 
peitgClassification for Canada (C.S.S.C., 1970). 

Considerable amounts of Fe and Al were extracted by the oxalate 
procedure in several of the soils with the greatest amounts being 
extracted from B horizons (Table 11). The Alpine Dystric Brunisols 
have especially high levels of oxalate-extractable Fe and Al in the 
B horizons (1.30% Fe and 4.60% Al in the Bm of T9). The 5.9% total 
Fe plus Al of the Bm of T9 is considerably higher than the 1.01% total 
in the underlying IIBC. Similar trends may be noticed for other 
Alpine Dystric Brunisols (Table 11 and Appendix). Ammonium oxalate 
extracts high amounts of Fe and Al from the volcanic ash which is 
present in the sola of these soils but not in the IIC horizons. Fe 
and Al values for the relatively unweathered ash from the C horizon 
of T24, which occurs at a depth of 50 cm below the present soil 
surface, total 2.37% which illustrates the high levels of Fe and Al 
ammonium oxalate extracts from ash. 

The pyrophosphate extraction procedure extracts Fe and Al that 
is associated with organic matter. As evidenced from data in Table ll, 
pyrophosphate extracted less Fe and much less Al from every horizon 
than the oxalate extraction. It appears that there is considerable 


amount of Fe associated with organic matter in the B horizons but 
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very little Al. 


Cation Exchange Characteristics 


Exchangeable acidity, determined by the barium acetate method, 
is high in surface horizons where pH is low and amorphous sesquioxide 
content is high, and decreases with depth and increasing pH (Table 12). 
The high levels of Al present likely contribute to the exchangeable 
acidity. 

Ca and to lesser degrees Mg, are the most prevalent exchangeable 
bases present, with Na and K being present in minor concentrations 
(Table 12). Percentage base saturation, calculated as the sum of 
exchangeable bases divided by total exchange capacity as measured 
with NH, OAc, is extremely low in the A and B horizons of the Alpine 
Dystric Brunisols and in the earth hummocks (Table 12). Similar 
results have been reported for alpine soils in British Columbia 
(Sneddon, Lavkulich and Farstad, 1972). 

Soils with high contents of amorphous colloids characteristically 
have a high pH-dependent cation exchange capacity (Fields, et al., 
1952; Birrell and Gradwell, 1956; Aomine and Jackson, 1959; Clark 
et al., 1966). When cation exchange capacity (CEC) is obtained using 
a salt buffered at neutral pH (NH, OAc) the pH-dependent component of 
the CEC is measured and the result may be considerably higher than 
the permanent charge component of the CEC obtained by extraction with 
a neutral salt (Coleman, et al., 1959; Clark, 1965). A preliminary 
investigation into this aspect of pH-dependent CEC yielded the results 


shown in Table 13. 
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Table 13 CATION EXCHANGE CAPACITIES AS MEASURED 
WITH NH, OAc (pH7) AND WITH NaCl 

Profile and pH7 CEC Permanent Charge 

Horizon CEC 

m.e./100¢g 

T9° Ah 34.0 8.6 

Bm 45.8 4.8 

IIBC Syl) (Sy8) 

E15 VAnL 24.5 es) 

Bml Sys se) Gre 

iG USA 5.0 


A considerable amount of pH-dependent CEC occurs in the Ah and 
especially the Bm horizons as evidenced by the wide differences in 
CEC values obtained by the two methods. These are also the horizons 


of maximum amorphous Fe and Al content. 


Available Phosphorus 

Results reported in Table 12, show generally low levels of 
available P in most of the soils, especially in the B horizons. The 
low levels of available P may be related to the high P-fixing capacity 


of amorphous Fe and Al oxides (Saunders, 1965). 


Clay Minerals 

X-ray diffraction - In order to gain some understanding of the types of 
minerals present in the clay fractions of alpine soils, horizons from 
two Alpine Dystric Brunisols, one Rego Humic Gleysol, and one earth 
hummocks profile were selected for study. Minerals present, as esti- 


mated from x-ray diffraction patterns, are tabulated in Tablel4 , and 
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Table 14 MINERALOGY OF THE TOTAL CLAY FRACTION OF SELECTED 


SOILS AS ESTIMATED FROM X-RAY DIFFRACTION PATTERNS 


Profile and Total 


Horizon Oeme nen jake Verm. Chl. croyst. 


Alpine Dystric Brunisols 


T9 Bm j nil 
IIBC oe xx XXX ———— A med—nieh 
TE5  Ahl x See a med. 
Bml <x Se cee low 
C x 0.0.4 Stee Foe eS high 


Rego Humic Gleysol 


T27 Ahg XX XXX Xx XX high 
Cgl XX XXX xX @.4 high 
Cg2 XXX XXX x x high 


Earth Hummocks 


FPWNF 


Ag x aC low 
Ah+Bm1 x Sa oP low 
Licg2 x XXX b 0.6.4 xx Dis. high 
Quartz - from 4.26 A° peak : 
Kaolinite - from 7.1A peak that disappears when heated to 550 
Illite (mica) - from 10A9 peak of Mg-glycolated sample 
Vermiculite - from 14A Mg-glycolated peak that collapses 
to 10A when K sat'd and heated to 550° 

Chlorite - from 14A° peak that remains when K sat'd and heated 
Total crystalline 

material - an estimate of the amount of crystalline 


materials in the sample 
x = trace (<10%), xx = minor (10-25%), xxx = major ( >252) 


A blank space indicates no evidence of the mineral 
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Pileure] . X-ray Diffraction Patterns of the Total Clay Fractions 


From Alpine Dystric Brunisols T15 and T9 


Alpine Dystric Brunisol (115) 


Ah Mg-gly 


Mg-gly 


Mg-gly 


Alpine Dystric Brunisol (T9) 


Bm Mg- gly 
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Figure 8. 


X-ray Diffraction Patterns of the Total Clay Fractions of 


the Ah, Ah+Bml and IICg2 Horizons from the Earth Hummocks T24 


Ah +Bm! 


d spacing (A) 3.34 
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diffraction patterns of the clay fractions of Alpine Dystric Brunisol 
T15 and earth hummocks T24 are traced in Figures 7 and 8. 

The importance of amorphous materials in the sola of the Alpine 
Dystric Brunisols is shown by the limited amounts of total crystalline 
material (Table 14). The Ahl of T15 has moderate crystallinity with 
the major component being illite. Traces of kaolinite and a non- 
expanding 14 ‘ae. component are also present. The Bml horizon is 
dominated by amorphous material with some illite and a trace of 
chlorite-vermiculite being present. The minerals in these horizons 
are not well crystallized as evidenced by broad peaks of the dif- 
fraction patterns. The diffraction pattern of the Bm of T9 showed 
no evidence of crystalline minerals at all. The IIBC and IIC horizons 
of these soils have much greater amounts of crystalline minerals. 
Illite is again the major clay mineral with minor to trace amounts 
of kaolinite, vermiculite, and chlorite. Evidence of quartz was 
detected in the diffraction pattern of the IIBC of T9. 

Well-crystallized minerals predominate in the Rego Humic Gleysol 
with no indication of an amorphous component. Illite dominates with 
lesser amounts of kaolinite, vermiculite and chlorite. 

The earth hummocks, as mentioned previously, are composed of 
volcanic ash overlying lacustrine sediments. The clay mineralogy 
reflects this with the IICg2 being almost identical with the alluvial- 
lacustrine Cg2 of the Gleysol and the Ah and Ah-Bml being similar 
to the poorly crystalline surface horizons of the Brunisols. 

No clay minerals that expanded beyond the 14A° peak when glycolated 


(indicative of the smectite group) were evident in any of the samples 


examined. 
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Table 15 RESULTS OF NaOH DISSOLUTION OF AMORPHOUS 


ALUMINOSILICATES IN CLAY FRACTIONS 


kK 
Profile and si0, A1l903 Amorphous S105" 
Horizon iy ee ea i Alj03 
19) Ah 0 4.4 19.4 Sie 6) 
Bm 29.6 Zone 61.9 os) 
IIBC S)q¥) 7s AW) Sig) sy) 
T15 Ahl UB hese Shais) Lye De 
Bm1 ae 9.4 Pad | 2} Died 
C 7.6 Oa Lie POEs 
* Percent of clay fraction 


*x % Amorphous = (%Si09 + % Alo03)/0.9. The 0.9 factor 
corrects for 10% water in amorphous material. 
Molar ratio 
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NaOH dissolution - NaOH dissolution of the clay fractions of two 
Alpine Dystric Brunisols was performed to obtain an estimate of the 
amorphous component. The greatest amounts of amorphous alumino- 
silicates were present in the Bm horizons with the Bml of T9 containing 
Cleo A.(lablesio) . Sid, /A1,0., molar ratios reflect the large relative 
increase of Al,0, in the Bm horizons. 

The same trends have been noted in the B horizons of podzols 
(Brydon, Kodama and Ross, 1968; Yuan, 1969). High levels of amorphous 


aluminosilicates and low $i0,/A1,0. ratios in B horizons of podzols 


derived from volcanic ash have been reported by Beke and Pawluk (1971). 
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PART V. SOIL FORMATION AND CLASSIFICATION 


Discussion on Soil Formation 


The classical factors of soil formation, namely parent material, 
climate, topography and vegetation control the balance between the 
pedogenic processes of additions, removals, transfers and trans- 
formations which act in combination in the formation of a soil 
(Simonson, 1959). The characteristics acquired by a soil body there- 
fore reflect the environmental parameters involved in its formation. 

Most of the alpine soils of the Sunshine area have developed on 
thin glacial till and colluvial deposits which have significant amounts 
of volcanic ash incorporated into the upper few centimeters. Due to 
mass-wasting and frost action processes unconsolidated materials move 
downslope burying old surfaces, disrupting soil horizons, and mixing 
materials together on the steep slopes. Bedrock often occurs within 
50 cm of the surface. The till and colluvium are generally sandy loam 
to loam in texture with high contents of coarse fragments and variable 
reaction and carbonate content. 

Textures of surface horizons are usually silt loam, with silt 
content often being 60%. High silt content in surface horizons of 
alpine soils is well known and has been attributed to frost weathering 
(Costin, Hallsworth and Woof, 1952; Ragg and Bibby, 1966; Romans, 
Stevens and Robertson, 1966), greater biological and chemical activity 
in the warmer surface horizons (Retzer, 1956), and the composition and 
texture of parent rocks (Costin, Hallsworth and Woof, 1952; Van Ryswyk, 
1969). Aeolian deposits (including volcanic ash) seem to be prevalent 


in alpine areas and have been suggested as a source for silt-sized 
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material (Stepanov, 1962; Baptie, 1968; Van Ryswyk, 1969; Sneddon, 
Lavkulich and Farstad, 1972). 

The occurrence of tephra is well known for the northwestern 
United States, southern British Columbia and southern Alberta (Powers 
and Wilcox, 1964; Nasmith, Mathews and Rouse, 1967; Westgate and 
Driemanis, 1967; Westgate, Smith and Nichols, 1969; Westgate, Smith 
and Tomlinson, 1970). 

Volcanic ash is considered to be the major source of the high 
silt content in the sola of the Sunshine soils due to several reasons. 
The presence of ash has been established in the area, and the shape 
of particle size curves, the sand mineralogy results, particle 


densities and the ' 


'sritty'" feel of the silt-sized material indicate 
the presence of ash in these soils. 

In an area where snow cover persists. for about 10 months and 
where temperatures are cold and may be below freezing any day of the 
year, the amount of energy available to the soil system is low. Soil 
water content may be limiting for pedogenic development when soil 
temperatures are at a maximum in August. Retzer (1956) used the term 
"cryopedogenic region" to describe alpine and arctic areas. 

The surface horizons receive the greatest amount of energy and 
have the greatest biological activity. A densely-rooted organic 
turf layer has developed on the surface of most of the alpine soils. 
This characteristic turf led Retzer (1956) to name the great soil 
group for the well-drained alpine soils the Alpine Turf Great Group. 
The turf is likely a result of the growth habit of the alpine flora and 


may result from lower temperatures at depth early in the year causing 


greater rooting activity at the surface although average maximum rooting 
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depth is about 40 cm. The densely-rooted turf is important to the 
stability of these soils. 

The cold alpine temperatures restrict microbial activity in the 
soils resulting in net accumulation of organic material in surface 
horizons. Ah horizons characteristically have high amounts of organic 
carbon and high levels of nitrogen. C/N ratios are low, in the order 
of 12-14. Mechanical mixing of the organic and mineral components 
has resulted in a dark colored moder type of Ah called slope or alpine 
moder by Bernier (1968) in which true organo-mineral complexes are 
rare. The large amounts of organic matter and volcanic ash result in 
bulk densities in the order of 0.6 to 0.8 g on and loose granular 
structure. 

Evidence of eluviation was noticed in only one soil which was 
within the upper limits of the present forest-tundra ecotone and may 
have been covered by coniferous vegetation at some time in the recent 
past. Soil leaching has been reported from various areas under alpine 
vegetation, especially under ericaceous shrub communities (Baptie, 
1968; Van Ryswyk, 1969; Sneddon, Lavkulich and Farstad, 1972) however 
no visible evidence of leaching was observed in soils under true 
alpine tundra vegetation in the Sunshine area. 

Ah horizons vary in depth and organic matter content depending 
on slope stability and position, time of snow release, and the amount 
and type of plant cover (which is often dependent on the foregoing 
parameters). Soils in reasonably stable slope positions with at 
least moderately early snow release and a continuous cover of herbs 
and sedges tend to show the greatest Ah expression. Soils on active 


slopes may have fairly deep cumulic Ah horizons especially when they 
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occur on a slight break in the slope. Late snow release restricts 
plant growth and thus accumulation of organic matter. 

Most of the Ah horizons are moderately to strongly acid however 
those developed on calcareous parent materials in positions of severe 
wind desiccation may be alkaline and have high contents of free 
carbonates. 

B horizons, when present, are of reddish hues and often high 
chroma. The reddest B horizons are associated with significant ash 
content which weathers easily to produce large amounts of amorphous 
iron and aluminum oxides. Due to soil creep processes,organic material 
from above and C or IIC material from below may be mixed into the 
B horizons. This disruption and mixing of soil horizons is evidence 
of the active role slope plays in genesis of high mountain soils. 

The B horizons contain low amounts of clay (5-10%) and about 60% silt 
which is the same particle size distribution found in Ah horizons and 
is related to the presence of silt-sized ash. No evidence of illuvial 
clay or silt was observed. Development of the Bm horizons is 
considered to be essentially tm sttu weathering of mainly volcanic 

ash materials with limited transfers of aluminum and iron in solution. 

Some of the B horizons may be older geologically than their A 
horizons due to more than one period of deposition of aeolian material. 
The accumulation of loessial material on snow and its subsequent 
deposition on the soil surface seems to be of considerable importance 
in mountainous areas (Warren Wilson, 1958; Stepanov, 1962) and has 
been observed by the author in various alpine areas of the Rocky 
Mountains. This process may account for some of the deep turfs that 


have large amounts of mineral material within them and seem to be 
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of a cumulative nature. 

Genesis of the Orthic Regosols is essentially limited to 
accumulation of organic matter in surface horizons. These soils 
are present in areas of very active soil movement where the soils 
are continually truncated, in windswept, zerophytic locations where 
essentially no effective soil leaching occurs and free carbonates 
are present at the soil surface, and in late snowbed locations where 
the short snow-free period greatly restricts plant growth and soil 
development. Ah horizons in the snowbed areas are often absent or 
may occur under clumps of vegetation. 

The Alpine Eutric Brunisols seem to represent a continuous series 
of development from the Orthic Regosols to the Alpine Dystric Brunisols. 
Alpine Eutric Brunisols, which represent the least amount of increase 
in pedogenic development over the Orthic Regosols, occur in association 
with the Regosols on the steep windswept slopes and in the late snowbed 
areas. Weakly developed Bm horizons are present which have slightly 
redder hues and lower pH than the C horizons but are discontinuous and 
are severely disrupted by soil creep. Alpine Eutric Brunisols that 
occur on relatively snow-free ridges at high elevations under Kobresta 
communities have densely-rooted turfs overlying deep, black Ah horizons 
and Bm horizons that are thicker and more continuous than those 
described above. These B horizons have high chroma colors and often 
have significant levels of free iron and aluminum. 

Alpine Eutric Brunisols intergrade to Alpine Dystric Brunisols 
in areas of relatively stable slopes where snow melts by mid-July. 

The development of Dystric Brunisols on calcareous parent materials 


marks the most advanced pedogenic development in the area. The 
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contribution of ash to the sola however encourages acid weathering and 
rapid release of sesquioxides. The influence of the calcareous IIC 
material, which is mixed into the upper profile, is somewhat negated. 
The Alpine Dystric Brunisols are of dominant importance in the rolling 
alpine divide area. Disturbance by soil creep is still active in 
these areas wherever the soils occur on a slope. Columbian ground 
squirrels (Citellus columbtanus columbtanus) are numerous and have 
disturbed a considerable amount of the area. Their burrowing activity 
disturbs and mixes the soil horizons. 

Two types of Cumulic Regosols were recognized that are very 
different morphologically (Plate 7) and have different origins. Cumulic 
Regosols (I) have developed on recent alluvial deposits where periodic 
deposition buries previously developed Ah horizons. Cumulic Regosols (ITI) 
have developed on steep slopes where active soil creep results in a 
highly-disrupted profile of a cumulic nature in which truncated and 
buried profiles are common. 

Gleysolic soils have developed in areas of groundwater discharge 
and ponded snowmelt. The saturated soils display low chroma colors 
typical of anaerobic conditions but distinct mottles may be present 
in upper horizons or in permeable layers in the soil where movement 
of oxygenated water occurs (Plate 6). 

The earth hummocks have developed in enclosed basins where ash 
deposits of up to 1 m in thickness occur. Snow release occurs in late 
July and the hummocks are covered with a dense mat of Carex nigricans. 
The occurrence and formation of such features has been studied by 
many workers (Bryan, 1946; Hopkins and Sigafoos,1954; Billings and 


Mooney, 1959; Johnson and Billings, 1962; Lundqvist, 1969). 
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Genesis of the earth hummocks seems to be due to horizontal and 
vertical displacement of material by freeze-thaw processes. A 
continuous plant cover seems to be necessary to hold the materials 
together and a high water table or possibly groundwater discharge 


may be involved. 


Aspects of Classification 


The soils were classified according to the System of Soil 
Classification for Canada (C.S.S.C., 1970) however problems were 
encountered in the application of this classification scheme. 

The Brunisolic soils present several problems in classification, 
especially those Brunisols with high amounts of amorphous colloids 
in the B horizons. The B horizons of the Alpine Dystric Brunisols 
and of some of the Alpine Eutric Brunisols contain large amounts of 
oxalate-extractable iron and aluminum in comparison to the underlying 
IIC or IIBC horizons. In the Canadian classification scheme a B 
horizon in which the oxalate-extractable Fe plus Al exceeds that of 
the IC horizon by 0.8% or more, and the organic matter to iron ratio 
is less than 20, is classified as a Bf horizon and the soil is 
included in the Podzolic Order. The properties of the B horizons 
which contain volcanic ash cannot be compared to the IIC horizons 
which have no ash content. The high contents of amorphous sesqui- 
oxides seem to be attributable to weathering of the ash. If the 
0.8% criteria were used many of the B horizons of the Brunisolic 


soils including some of the Bmk horizons of the Alpine Eutric 


Brunisols which have alkaline pH and as much as 2.4% caco, equivalent, 


could qualify as Bf horizons. 
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McKeague (1967) suggested that a total of 0.65% pyrophosphate- 
extractable iron plus aluminum is indicative of a Podzolic Bf horizon. 
This criteria avoids the problem of comparing different parent materials 
however some of the Bm horizons of the Eutric Brunisols would qualify 
as Bf horizons and some of the Ah horizons have values that exceed 
the 0.65% level. 

Due to the effect of the volcanic ash and the lack of evidence 
for eluviation these horizons have been classified as Bm horizons and 
the soils have been classed in the Brunisolic Order. 

Naming of the turf horizons is also somewhat of a problem. An L 
designation was used — meaning an organic layer characterized by an 
accumulation of organic matter in which the original structures are 
easily discernible which is developed under imperfectly to well-drained 
conditions (C.S.S.C., 1970). This designation is usually assigned to 
raw forest litter however and does not characterize the densely rooted 
mat of an alpine turf satisfactorily. 

The two types of Cumulic Regosols recognized have very different 
morphology and genesis yet are not separated at the subgroup level. 
Those Orthic Regosols with deep, black Ah horizons are distinctly 
different morphologically from Orthic Regosols which lack or have very 
thin Ah horizons, yet are classified in the same subgroup. The classi- 
fication system does not separate, at the subgroup level, soils which 
appear to be distinctly different in this environment. At the same 
time, some Alpine Dystric and Alpine Eutric Brunisols that have identical 
characteristics, except for reaction and base saturation of the B 
horizon, are separated into different subgroups. 


In the System of Soil Classification for Canada (C.S.S.C., 1970) 
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an arbitrary depth of 10 cm has been chosen as the minimum depth of 
a soil. "Non-soils" with less than 10 cm depth are important in 
alpine areas, both in terms of areal extent and ecologically as they 
Support the biomass of significant ecosystems but they cannot be 
called soils. It is strongly suggested that this criteria come under 
review. 

Another classification problem is posed by the extremely turbated 
soils occurring under the earth hummock patterns. Cryoturbated soils 
are of considerable areal significance in the alpine and arctic areas 


of Canada and cannot at present be adequately classified. 
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SUMMARY AND CONCLUSIONS 


Definite relationships between soil development, microclimate, 
geomorphic processes and plant communities are indicated by the 
results of this study of the Sunshine alpine area in the Canadian 
Rocky Mountains. Some examples are: 

1. Alpine Dystric Brunisols are widespread on the rolling, 
relatively stable surfaces of the alpine divide area 
under Phyllodoce glandultflora and Antennarta lanata 
community types. 

2. Three main types of Alpine Eutric Brunisols were recog- 
nized. Type I are morphologically similar to and are 
geographically associated with the Alpine Dystric 
Brunisols. Type II occur on windswept slopes at high 
elevations under Dryas hookertana and D. hookertana - 
Carex setrpotdea community types. Type III are associated 
with Kobresta myosurotdes community types on relatively 
snowfree ridges. 

3. Two types of Orthic Regosols are of considerable areal 
importance. Type I Orthic Regosols, which have minimal 
Ah development, occur in late snowbed areas often under 
Saxtfraga lyallit community types. Type II Orthic 
Regosols have deep Ah horizons and are found in association 
with the Type II Alpine Eutric Brunisols. 

4. Cumulic Regosols of two types are present. Type I are 
poorly drained soils on recent alluvial deposits under 


Salix barratttana and Type II occur on steep, unstable 
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4. (continued) 


slopes under Anemone occidentalis communities. 

5. Orthic Gleysols, Humic Gleysols and Rego Humic Gleysols 
are present in poorly drained basin areas. Plant 
cover generally consists of sedges such as Eriophorum 
spp. and Carex spp. 

6. Earth hummocks occur in several small basins where 
there are thick accumulations of volcanic ash. The 
soils are highly turbated and cannot be classified using 
the present Canadian taxanomic system. Carex nigrtcans 


provides a continuous vegetal mat over the hummocks. 


Field observations and laboratory results show volcanic ash has 
a significant influence on the characteristics of most of the soils 
of oe area. The processes of mass-wasting and frost action disrupt 
soil horizons and mix various parent materials together. The soil 
forming processes are restricted by the cool temperatures and short 


snowfree period. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
Ahk1 0-5 
Ahk2 5-15 
Bmk 15-40 
Ck 40-60 
R 60+ 


T-1, Summit of Windy Point, 51°03'40, 115°44'35 
7935 feet Wieser 

30% 

West 

Rapidly drained 

Limestone bedrock (Devonian Palliser formation) 
Dryas - Carex community 

Alpine Eutric Brunisol (calcareous) 


There is considerable surface scree (flat flagging) 
present. Bedrock very close to surface. Arid wind- 
swept slope. 


Dark brown (10OYR 3/3 m), grayish brown (10YR 5/2 d) 
loam to sandy loam; weak, fine granular; very 
friable; abundant, fine vertical roots; very weakly 
effervescent; 15% coarse fragments; gradual, wavy 
boundary; 2 toy8 cmtehick: pH i 7. 


Very dark brown (10YR 2/2 m), dark grayish brown 
(10YR 4/2 d) silt loam; weak, medium subangular 
blocky; very friable; abundant, fine vertical roots; 
very weakly effervescent; 5% coarse fragments; clear, 
Wavy boundary: 5 to 3 .cmethick sp 7 39. 


Dark brown (10YR 3/3 m), light brownish gray (10YR 
6/2 d) gravelly sandy loam; weak, medium subangular 
blocky; very friable; strongly effervescent; 50% 
coarse fragments; gradual, smooth boundary; 20 to 30 
Cm Ehiek sa pHe/ .o. 


Brown (10YR 4/3 m), pale brown (10YR 6/3 d) very 
gravelly sandy loam; moderate, medium subangular 
blocky; very friable; very few, fine vertical roots; 
strongly effervescent; 70% coarse fragments; pH 7.9. 


Limestone bedrock. 


* A.M.S.L. Above Mean Sea Level 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

L 5-0 

Ahg 0-33 

Cg 33—50+ 


T-2, Saddle of Quartz Hill, 51°02"'15, 115°45'55 
8200 feet A.M.S.L. 


Level 


Poorly drained 
Water-sorted colluvium 
Salix nivalts community 
Rego Humic Gleysol 


Plot is located in a depression in the saddle, where 
water is supplied by snow beds. 


Very dark brown (1OYR 2/2 m),very dark gray (10YR 
3/1 d) fibrous turf; abundant, fine random and 
plentiful, medium horizontal roots; clear, smooth 
boundary; pH 6.8. 


Black (10YR 2/1 m),very dark grayish brown (10YR 
3/2 d) silt loam; amorphous; friable; few, fine 
random roots to 35 cm; gradual, wavy boundary; 30 
toe ecm thick: pity wo. 


Dark brown (10YR 4/3 m), pale brown (10YR 6/3 d) 
very gravelly loam; fragmental; friable; moderately 
effervescent; pH 8.1. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil) Classi £ication: 


Remarks: 


Horizon Depth 


(cm) 
te 3-0 
Ah 0-5 
Bm 5-13 
LIBC 13-30 
ICING |e 30-70+ 


T-3, East of Rock Isle Lake, 51°03'45, 115°45'01 


77 00nneet, A.M.S* Is, 


West 

Rapidly drained 

Glacial till 

Phyllodoce glandultiflora community 
Alpine Eutric Brunisol 


The Ah and Bm are composed of till that has been 
moved and mixed by mass wasting and ground squirrel 
activity. Aeolian material mixed into Ah and Bm. 
IIBC is till that appears to have been churned up. 
IIICk is more compact till that has not been dis- 
turbed. 


Vety dark gray to jplackm(10YR 2.5/1 d) fibrous. turf ; 
abundant, fine random and abundant, medium horizontal 
roots; abrupt, smooth boundary; pH 5.4. 


Very dark grayish brown (10YR 3/2 m), very dark gray 
ClOYR 3/1) d) "silt loamseweaksetine granular: very 
friable; plentiful, fine vertical roots; 15% coarse 
fragments; clear, wavy boundary; 1 to 8 cm thick; 

PH) Sali 


Dark brown, (/5YR) 4/40me 1 OYRe4/3 d) silt loam;, weak, 
medium granular; very friable; few, fine vertical 
roots; 15% coarse fragments; clear, wavy boundary; 
40g SaCme bh lek cap Hiynnis 


Yellowish brown (10YR 5/6 m, 5/4 d) gravelly silt 
loam; moderate, fine granular; friable; very few, fine 
vertical roots; 40% cobbles; 10 to 20 cm thick; pH 7.5. 


Dark brown (1OYR 4/3 m), grayish brown (10YR 5/2 d) 
very gravelly sandy loam; very few, fine vertical © 
roots to 40 cm; 70% coarse fragments; pH 7.8. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Some Classi Leacion. 


Remarks: 

Horizon Depth 
(cm) 

Ah 0-10 

Bm 10-15 

C 15-70+ 


T-4, W. of Twin Cairn Mtn., 51°04'15, 115°48'30 
7900 feet A.M.S.L. 

10% 

West 

Rapidly drained 

Colluvium 

Dryas community 

Alpine Eutric Brunisol 


There is minimal indication of downslope soil move- 
ment (streaks of buried Ah). There is considerable 
surface micro-relief (3-9'"). Ah is thicker under 
high areas. Extensive ground Squirrel activity is 
evident. 


Black (LOYR 2/1 Mm); very darkeonay (C10YR 3/d d) 
silt loam; moderate, medium granular; very friable; 
plentiful, fine random roots (turfy); 10% coarse 
fragments; clear, wavy boundary; 4 to 20 cm thick; 
DH TG. le 


Dark reddish brown (5YR 3/4 m), and dark brown 
(7S5YR 8/2 m1), brown (lOYR¥4/3%d) silt’ loam; weak, 
fine granular; friable; plentiful, fine random 
roots; 10% coarse fragments; clear, smooth boundary; 
Bite16 cm thick: pHaG.5. 


Brown (10YR 5/3 m), pale brown (10YR 6/3 d) loam 
and gravelly loam; weak, medium granular; friable; 
10 to, 354) coarse fragments; pu 722: 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 

il 10-0 
Ah 0-15 
Bm 15-18 
G 18-40 
R at 35-40 
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T-5, South of Larix Lake, 51°02'40, 115°47'02 
7800 feet A.M.S.L. 

35% 

West 

Rapidly drained 

Aeolian/Glacial till/Bedrock 

Casstope mertenstana community 

Lithic Alpine Eutric Brunisel 


The turfy L horizon is quite tussocky and terraced 
with about 10 cm risers. The Bm is discontinuous 
due to disruptions by soil creep. Silt coatings 
evident on pebbles in the Bm. 


Tussocky turf; clear, wavy boundary. 


Very dark brown (10YR 2/2 m), very dark grayish 
brown (10YR 3/2 d) silt loam; weak, medium sub- 
angular blocky; very friable; plentiful, fine 
vertical roots; 5% coarse fragments; clear, wavy 
boundary; 10 to 20 cmethick:sepHe6. 8. 


Dark brown (7.5YR 4/3 m) silt loam; weak, medium 
granular; friable; few, fine vertical roots; 5% 
coarse fragments; clear, broken boundary; 0 to 7 
Chat hick piie/-. 0s 


Yellowish brown (10YR 5/4 m), pale brown (10YR 
6/3 d) shaley loam; weak, coarse granular to weak, 
fine subangular blocky; friable; very few, fine 
vertical roots to bedrock at 40 cm; 50% coarse 
fragments; pH 7.6. 


Shaley, cherty bedrock. 
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Location: T-6, Lookout Mtn., 51°04'40, 115°46! 
Elevation: 7950, feet A.M.S.L. 

Slope: 30% 

Aspect: West 

Drainage Class: Rapidly drained 

Parent Material: Colluvium 

Vegetation: Dryas community 


Soil Classification: Orthic Regosol (calcareous) 


Remarks: Small lenses of aeolian material are included in the 
colluvium. The upper 20 cm appears to be very stable 
and is moving downslope, the 20 to 40 cm depth is 
slightly more compact, and below 40 cm the soil is 
almost firm - indicating resistance to mass wasting 
with depth. Thickness of the Ah is constant under 
and between Dryas patches, suggesting patches are 
migrating. 


Horizon Depth 


(cm) 


i 2-0 Dryas turf; 60% cover; plentiful, fine vertical and 
abundant, medium horizontal roots; clear, broken 
boundary; O° to 4 cm thick: 


Ahk1 Q-5 Very dark grayish brown (1OYR 3/2 m), dark grayish 
brown (10YR 4/2 d) gravelly silt loam; weak, fine 
granular; very friable; plentiful, fine vertical 
roots; weakly effervescent; 50% coarse fragments; 
gradual, broken boundary; 0 to 7 cm thick; pH 7.7. 


Ahk2 5-12 Dark brown (1OYR 3/3 m), grayish brown (10YR 4.5/2 d) 
gravelly silt loam; weak, fine granular; very friable; 
plentiful, fine vertical Toots;| weakly effervescent; 
50% coarse fragments; clear, wavy boundary; 5 to 10 
CMetii ck. pHs L. 


Ahb 12-15 Very dark brown (10YR 2/2 m) sandy loam; clear, 
broken boundary; 0 to 7 cm thick (pocket). 


Ck1 15-32 Brown (1OYR 5/3 m), pale brown (10YR 6/3 d) very 
gravelly sandy loam; amorphous; loose; very few, fine 
vertical roots; moderately effervescent; 70% coarse 
fragments; diffuse, smooth boundary; pH 8.0. 


Ck2 32-60 Dark grayish brown (10YR 4/2 m), grayish brown (10YR 
5/2 d) very gravelly sandy loam; fragmental; friable; 
very few, fine vertical roots to 45 cm; moderately 
effervescent; 75 to 90% coarse fragments; abrupt, 
smooth boundary; pH 8.2. 


R 60+ Bedrock 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
1 2-0 
Ahk1 0-5 
Ahk2 5-15 
PAG 15-60 


R 60+ 
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T-7, Lookout Mtn., 51°04'55, 115°45'01 
8400 feet A.M.S.L. 

11% 

Southwest 

Rapidly drained 

Colluvium 

Dryas - Carex community 

Orthic Regosol (calcareous) 


Depth of Ahl and Ah2 varies with local slope, being 
fairly thick at toe of a small slope. Depth to bed- 
rock is extremely variable, resulting in both Lithic 
and Orthic Regosols being present. 


Dryas turf; plentiful, fine vertical and abundant, 
medium horizontal roots; clear, smooth boundary; 
IStO eS. cMethnick. 


Very dark gray (lOYR33/lfm, 3/a-p d) "eravelly silt 
loam; weak, fine granular; very friable; plentiful, 
fine random roots; moderately effervescent; 50% 
coarse fragments; clear, broken boundary; 0 to 15 
CmMecuick pHs on 


Dark brown (10YR 3/2 m), dark grayish brown (10YR 
4/2 d) silt loam; weak, fine granular; very friable; 
few, fine vertical roots; moderately effervescent; 
15% coarse fragments; abrupt, wavy boundary; 5 to 
bsp er) ielele alee sal ch Foley Ble, 


Brown (10YR 5/3 m), light brownish gray (10YR 5.5/2 
d) very gravelly sandy loam; single grained; loose; 
few, fine vertical roots to 40 cm; strongly effer- 
vescent; abrupt, irregular boundary; pH 8.0. 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

L 3-0 

Ah 0-2 

Bm 2-32 

IIBC 32-42 


R 42+ 


T-8, Lookout Mtn., 51°04'40, 115°45'05 
7940 fest A.MeS-L. 

20% 

Southwest 

Rapidly drained 

Colluvium/Bedrock 

Vacetntum - Salix Morn nes 

Lithic Alpine Dystric Brunisol 


Bedrock close to surface. Turf is very compact 
due to rooting by Vaccinium. 


Very dark gray (10YR 3/1 m, 3/1 d) very compact 
fibrous turf; abundant, fine random and abundant, 
medium horizontal roots; clear, wavy boundary; 
2)to 47cm thick. 


Dark brown (10YR 3/3 m, 4/3 d) silt loam; moderate, 
fine granular; friable; plentiful, fine random 
roots; 10 to 20% coarse fragments; gradual, wavy 
boundary; l to°3 cm thick? pH 54. 


Dark yellowish brown (10YR 3/4 m, 3/4 d) loam; 
moderate, medium granular; friable; few, fine 
vertical roots; 10 to 60% coarse fragments; clear, 
wavy boundary; pH 6.0. 


Very dark grayish brown (10YR 3/2 m), grayish brown 
(10YR 5/2 d) very cobbly sandy loam; moderate, fine 


granular, friable; few, fine vertical roots to 50 cm 


or bedrock; very weakly effervescent; 60% cobble- 


sized fragments; abrupt, broken boundary; 0 to 20 cm 


Chick? pH Fiios 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soule Glagsit tics talon: 


Remarks: 
Horizon Depth 
(cm) 
L 3-0 
Ah 0-1 
Bm 1-6 
BC 6-7 
LIBC 7-40 


T-9, S. of Lookout Mtn., 51°03'45, 115°45'01 
/O0M@teet ALMsS.L. 

8% 

Southwest 

Well drained 

Aeolian/till/bedrock 

Antennarta community 

Lithic Alpine Dystric Brunisol 


This profile is representative of the gently 
sloping, well drained alpine area. Bedrock 
is close to surface, thus limiting rooting depth. 


Darke Gray (lOYR 4/1 “d) (fibrous turt; abundant; 
fine random roots; clear, wavy boundary; 2 to 6 
ely Chi ck spied 29). 


Dark brown CLOYR 3/3°m) ‘silt loam. 


Strong brown (7.5YR 5/6 m), yellowish brown (10YR 
5/4 d) silt loam; weak, fine granular; very friable; 
abundant; fine random roots; clear, wavy boundary; 
SRLowPO Mem. Chick.) pH poo. 


Light yellowish brown (10YR 6/4 d) gravelly sandy 
loam; moderate, fine granular; friable; few, fine 
vertical roots; 50% coarse fragments; gradual, 
broken boundary: 0) to 28cm thick. 


Very dark grayish brown (10YR 3/2 m), grayish brown 
(10YR 5/2 d) gravelly loam; moderate, medium 
granular; friable; plentiful, fine random roots; 
weakly effervescent; abrupt, wavy boundary; 20 to 
GZOecmathicks pie 7.6. 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Sol Classmitcation: 


Remarks: 
Horizon Depth 
(cm) 

L-F 5-0 
Ah 0-12 
Bm 12-15 
ELG 15-40 
TICk 40-70+ 
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T-10, W. of water reservoir, 51°04'25, 115°47'20 
7380 efect ALM.S.L. 

He 

East 

Poorly drained 

Alluvium/Glacial till 

Saltz barratttana community 

Alpine Eutric Brunisol 


Water table is at about 4 feet. The area the plot 
is located in seems to have been built up by 
alluvial deposition. Water now drains around this 
built-up area. 


Moss litter and roots (slightly decomposed); abrupt, 
smooth boundary; 2 to 8 cm thick. 


Black (10YR 2/1.5 m), very dark gray (10YR 3/1 d) 
silt loam; moderate, fine granular; friable; plenti- 
ful, fine random roots; clear, wavy boundary; 8 to 
ZORCMELRICeE pH 105.6 


Reddish brown (5YR 4/4 m), light reddish brown 
(5YR 6/3 d) silt loam; moderate, fine granular; 
very friable; few, fine vertical roots; clear, 
broken boundary; 0 to 6 cm thick. 


Yellowish brown (10YR 5/4 m), pale brown (10YR 6/3 d) 
silt loam; fragmental; friable to firm; very few, 
fine vertical roots; 15% coarse fragments; diffuse, 
smooth boundary; pH 7.1. 


Yellowish brown (10YR 5/4 m), pale brown (10YR 6/3 d) 
gravelly loam; fragmental; firm, very few, fine 
vertical roots to 40 cm; 25% coarse fragments; 
moderately effervescent; pH 7.6. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


SommeGlassitreacilon: 


Remarks: 

Horizon Depth 
(cm) 

L 1-0 

Ah1 0-8 

Ah2 8-15 

Bm 15-18 

IIBm 18-26 

LiBC 26-34 

LEC 34-70+ 
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T-11, East slope of Wa-Wa Ridge, 51°05'25, 115°47'40 
7700 feet A.M.S.L. 

20% 

East-southeast 

Rapidly drained 

Colluvium/Glacial till 

Phyllodoce glandultflora community 

Alpine Dystric Brunisol 


The Bml is discontinuous and contains lenses of 
Ah material, indicating downslope soil creep is 5 
active. August temperature at 50 cm - 48 F (8.9 C). 


TWNEBEIE ¢ 


Very dark grayish brown (1OYR 3/2 m), dark grayish 
brown (10YR 4/2 d) shaley sandy loam; weak, fine 
granular; very friable; plentiful, fine random roots; 
50% coarse fragments; clear, wavy boundary; 5 to 12 
CMechick pH 4.3. 


Very dark grayish brown (10YR 3/2 m), grayish brown 
(LOYR 5/2 d) sandy loam; weak, fine granular; very 
friable; few, fine random roots; 10% coarse frag- 
ments; abrupt, wavy boundary; 3 to 10 cm thick; pH 5.1. 


Dark brown (7.5YR 4/4 m) silt loam; weak, fine granu- 
lar; friable; very few, fine random roots; abrupt, 
wavy boundary; O to 5 cm thick. 


Dark yellowish brown (1OYR 4/4 m), pale brown (10YR 
6/3 d) silt loam; moderate, medium subangular blocky; 
friable; very few, fine random roots; 10% coarse 
fragments; clear, wavy boundary; 7 to 12 cm thick; 

pH 5 .o% 


Dark grayish brown (2.5Y 4/2 m) clay loam; moderate, 
medium subangular blocky; friable; no roots; 15% 
coarse fragments; gradual, wavy boundary; 2 to 10 
em thiek. 


Dark grayish brown (2.5Y 4/2 m), light brownish gray 
(255Yeo/ 20d) silt) loam: fragmental: firms poe. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 
Vegetation: 


Some Classitrcatton: 


Remarks: 

Horizon Depth 
(cm) 

L 3-0 

Ah1 Q-2 

Ah2 2-19 

AC 19-32 

Ah3 32-44 

c 44-57+ 


T-12, SE flank of Wa-Wa, 51°05'23, 115°47'15 
7400 feet A.M.S.L. 


Less than 17 


Poorly drained 

Alluvium 

Saltx barratttana community 
Cumulic Regosol (1) 


The alluvial material has built up the center of 
the basin higher than the edges where water runs. 
Salix grows on higher area. 


Turfy; clear, smooth boundary. 


Black (1LOYR 2/1 m) silt loam; weak, fine granular; 
very friable; plentiful, fine random roots; clear, 
smooth boundary; 1 to 3 cm thick. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (10YR 4/2 d) loam; weak, medium granular; 
very friable; few, fine vertical and abundant, 
medium random roots; clear, smooth boundary; pH 6.1. 


Dark brown (10YR 3/3 m), grayish brown (10YR 5/2 d) 
silt loam; weak, medium granular; friable; few, fine 
vertical roots; clear, smooth boundary; pH 6.3. 


Very dark grayish brown (10YR 3/2 m), grayish brown 
(1LOYR 5/2 d) sandy loam; weak, medium granular; 
friable; very few, fine random roots; 10% coarse 
fragments; gradual, smooth boundary; pH 6.5. 


Dark brown (10YR 3/3 m) very gravelly loam; 
amorphous; loose; 90% gravel size fragments. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 
Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
iL 7-0 
Ah 0-4 
BmlL 4-16 
IIBm2 16-19 
LIC 19-60 
R 60+ 


T-13, West of Quartz Hill, 51°02'20, 115°47'10 
7750 feet A.M.S.L. 

20% 

South-southeast 

Rapidly drained 

Aeolian/Glacial till 

Phyllodoce glandultflora community 

Alpine Dystric Brunisol 


There is some mixing of surface horizons due to 
colluvial action. The AhWisi very light invcolor. 


Dark yellowish brown (10YR 4/4 d) fibrous turf; 
abundant, fine random and abundant, medium hori- 
zontal roots; 5 to 10 cm thick; clear, wavy 
boundary; pH 5.6. 


Dark brown (10YR 4/3 d) silt loam; weak, fine granu- 
lar; very friable; few, fine random roots; clear, 
wavy boundary; 2 to Gecm Chicks) pH 5.4. 


Strong brown (7.5YR 5/6 m), yellowish brown (1OYR 
5/4 d) silt loam; weak, medium platy; very friable; 
very few, fine vertical roots; clear, wavy boundary; 
LO: sto. 4d A -emethicks pH’ 6. oe 


Dark brown (7.5YR 4/4 m) silt loam; moderate, medium 
platy to moderate, medium subangular blocky; few, 
fine vertical roots; clear, broken boundary; 0 to 

UP Tobin el el Creal as 


Yellowish brown (10YR 5/4 m), light yellowish brown 
(LOYR 6/4 d) gravelly silt loam; moderate, medium 


subangullar blocky: firm tomiadables few: fine vertical 
roots to 30 cm; 40% shale fragments; abrupt, irregular 


boundary; pH 6.7. 


Shale bedrock occurring at 60 to 100 cm. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
ie 8-0 
Ah 0-20 
Bm 20-25 
IICgl 25-28 
11Cg2 28-62 


R 62+ 


T-14, South of Larix Lake, 51°02'50, 115°47' 
7600 feet A.M.S.L. 

1-37 

Southwest 

Poorly drained 

Alluvium/Glacial till/Bedrock 

Salix barratttana community 

Alpine Eutric Brunisol 


The reddish Bm is probably due to water movement 
above the compact till. Alternate pit showed 
buried Ah horizons and water table at 40 cm. Plot 
is located in a snowmelt drain. 


Dark Brown (7.5YR 3/2°m) Wivery idark) gray (10YR13/1) ad) 
fibrous turf; abundant, fine random and abundant, 
medium horizontal roots; clear, wavy boundary; 5 to 
LOecmathicks pHi 76. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (10YR 4/2 d) silt loam; few, fine vertical 
roots; abrupt, wavy boundary; 18 to 24 cm thick; 
palsy 7/ Gilke 


Strong brown (7.5YR 5/8 m), yellowish brown (10YR 
5/4 d) silt loam; very few, fine vertical roots; 


abrupt; wavy boundary; 4 to 8 cm thick; pH 7.3. 


Very dark grayish brown (2.5Y 3/2 m) silt loam; very 
few, fine vertical roots; clear, broken boundary; 
OGiowascmaithuck. 


Light olive brown (2.5Y 5/4 m), pale yellow (2.5Y 
7/4 da) silt loam; common, fine, prominent strong 
brown (7.5YR 5/6) mottles; very few, fine vertical 
roots to 45 cm; very weakly effervescent; pH 7.6. 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Sol Classitacatiwvon: 


Remarks: 


Horizon Depth 


(cm) 
ik 5-0 
Ahl 0-10 


Bml (ash) Om. 


Ae (ash) ja fpeley) 


Ah2 b= 22) 
Bm2 22=25 
LG Zot 


T-15, N. side of Wa-Wa Ridge, 51°05'59, 115°47'45 
7650 feet A.M.S.L. 

15% 

North 

Rapidly drained 

Colluvium (derived from shales) 

Cas stope 

Alpine Dystric Brunisol 

Plot is located on fair a unet ale colluvial slope, 


downslope from loose shale flagging. Profile shows 
burying by downslope soil creep. 


Fibrous? turf; 0 to 8 cm itUhick, 


Dark brown (10YR 3/3 m), grayish brown (10YR 5/2 d) 
silt loam; moderate, fine subangular blocky; very 
friable; plentiful, fine random roots; 3 to 15 cm 
thick: pH 4.3. 


Yellowish red (5YR 5/6 m), yellowish brown (10YR 
5/4 d) silt loam; weak, coarse platy; very friable; 
few, fine random roots; O to 8 cm thick; pH 5.7. 
Brown (1OYR 4.5/3 m) silt loam; O to 3 ecm thick. 
Silt loam; 0 to 6 cm thick. 

Silteloam:s.0,to 5 cm thick: 

Dark yellowish brown (10YR 4/4 m), light yellowish 


brown (10YR 6/4 d) shaley loamy sand; amorphous; 
loosesuno roots; pH 5.24 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Sorl) Classiftication= 


Remarks: 
Horizon Depth 
(cm) 

Ah 0-10 
Aej HO=11 
Bml 11-16 
Bm2 16-20 
GL 20-25 
CZ 25-50+ 


T-16, N. side of Wa-Wa Ridge, 51°05'45, 115°47'15 
7650 feet A.M.S.L. 

152 

North-northeast 

Rapidly drained 

Colluvium (with aeolian lenses) 

Casstope community 

Alpine Dystric Brunisol 


The Ae and Bf occur in a lens-shaped ash deposit. 
Iron staining evident on rock surfaces in the Bm 
horizon. Slope is fairly unstable. Colluvium 
derived from acid shales and conglomerates. 


Black CLOYR 2/1 m),’ very darkieray (1lOYR =3/1°d) 
silt loam; weak, fine granular; very friable; few, 
fine random roots; 5% coarse fragments; clear, wavy 
boundary; 5 to l3ecm thick; ipH 5.4. 


Brown (7.5YR 4/4 m) silt loam; clear, broken 
boundary. 0 to i= cm thick, 


Yellowish red (5YR 4/6 m), brown (10YR 5/3 d) silt 
loam; weak, very fine granular; very friable; few, 
fine random roots; 5% coarse fragments; clear, 
broken boundary; O to 8 cm thick; pH 5.7. 


Brown (10YR 4/3 m), pale brown (10YR 6/3 d) gravelly 
sandy loam; weak, fine granular; friable; few, fine 
random roots; 30% coarse fragments; clear, irregular 
boundary smo torlo cm Ghickss pH: 5.0, 


Brown (10YR 5/3 m), pale brown (10YR 6/3 d) gravelly 
sandy loam; weak, fine granular; friable; very few, 
fine vertical roots; 30% coarse fragments; clear, 
wavys boundary; 5 to 135 cm thick; pH 5.4. 


Yellowish brown (10YR 5/4 m) very cobbly sandy 
loam; 90% coarse fragments. 
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Location: 
Elevation: 
Slope: 


Aspect: 


Drainage Class: 


ParentyMateria li: 


Vegetation: 


Soil Classaftication: 


Remarks: 


Horizon 


Bm 


IIBC 


TICk 


Depth 
(cm) 


4-0 


20-40 


40-70 


70+ 
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T-17, S. of Lookout Mtn., 51°03'45. 115°45'01 
7130" feet ASM. S aL. 

6% 

West 

Moderately well drained 

Aeolian and colluvium/till/bedrock 

Carex community 

Alpine Dystric Brunisol 


Plot located in a poorly defined drainage channel. 
Turf (L) very difficult to separate from the Ah. 
The*soll is typical of a large part of the area. 


Brown (10YR 4/3 d) fibrous turf; abundant, fine 
random roots; clear, wavy boundary; 3 to 5 cm thick; 
Dito. 4 


Grayish brown (10YR 5/2 d) silt loam; weak, fine 
granular; very friable; abundant, fine random roots; 
elear, broken boundary Gj to 7 cm thick; pH 5.3. 


Yellowish brown (10YR 5/6 m)and strong brown (7.5YR 
5/6 m) and light yellowish brown (10YR 6/4 d) silt 
loam; weak, fine granular; very friable; plentiful, 
fine vertical roots; clear, wavy boundary; 12 to 20 
CML Gx. pir. Ole 


Dark brown (10YR 3/3 m), grayish brown (10YR 5/2 d) 
gravelly silt loam; moderate, fine granular; friable; 
plentiful, fine vertical roots; gradual, smooth 
boundary; pH 6.8. 


Dark brown (10YR 4/3 m), light brownish gray (10YR 
6/2 d) gravelly sandy loam; moderate, medium sub- 
angular blocky; friable; few, fine vertical roots 
to bedrock: spHia/<6. 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soi Glassi il cation: 


Remarks: 
Horizon Depth 
(cm) 
i 5-0 
Ah 0-5 
Bmk 5-7 
Ck 7-40 
R 40+ 


Alternate Pit 


L 2-0 
Ah 0-3 
Bmk Sri/ 
Ck poses 
Ahb & Bmb 12-2 


T-18, Eagle Mtn., 51°06'10, 115°45'42 
8150 feet A.M.S.L. 

20% 

West-southwest 

Rapidly drained 

Colluvium and aeolian/bedrock at 40 cm. 
Dryas community 

Lithic Alpine Eutric Brunisol (calcareous) 


Stony surface, slight Dryas-terrace micro-relief. 
Ash lenses present in Ah and Bm. Mass wasting 
more evident in alternate pit, with buried horizons 
being present. 


Very dark grayish brown (10YR 3/2 m), very dark gray 
(LOYR 3/1 d) fibrous turf fand doeose leaf. litter; 
abundant, fine random roots; 5% coarse fragments; 
clear, wavy boundary; 2 to 7 cm thick; pH 7.4. 


Dark yellowish brown (10YR 3/4 m), dark brown (10YR 
3/3 d) silt loam; weak, fine granular; soft; few, 
fine random roots; gradual, wavy boundary; 3 to 9 cm 
thicker pHe7 a0. 


Dark brown (10YR 3/3 m) sandy loam; weak, fine granu- 
lar; very friable; very few, fine vertical roots; 
weakly effervescent; gradual, broken boundary; 0 to 

5 om thickss pH 8.0. 


Dark yellowish brown (10YR 4/4 m), brown (10YR 5.5/3 d) 
gravelly loam; fragmental; friable; very few, fine 
vertical roots to bedrock; strongly effervescent; 
coarse fragments; pH 8.0. 


40% 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
iL. 4-0 
Ahk 0-2 
Bmk 2-10 
Ck 10-40 


R 40+ 


T-19, Eagle Mtn., 51°05'50, 115°45'40 
8100 feet A.M.S.L. 

35-40% 

South-southwest 

Rapidly drained 

Colluvium + Aeolian/Bedrock 

Carex - Dryas community 

Lithic Alpine Eutric Brunisol (calcareous) 


The Ah and Bm horizons are largely aeolian material. 
Profile has been truncated by colluvial material 
moving over top of profile. 


Very dark grayish brown (10YR 3/2 m), very dark gray 
(10YR 3/1 d) fibrous turf; abundant, fine random 
roots; clear, wavy boundary; 29t0) 7 cm) thickss pHa/. 7. 


Very dark brown (10YR 2/2 m), very dark gray (10YR 
3/1 d) silt loam; weak, fine granular, very friable; 
plentiful, fine vertical roots; less than 5% coarse 
fragments; moderately effervescent; gradual, broken 
boundary; 0 to 5 cm thickspa ro. 


Dark brown (10YR 3/3 m), dark grayish brown (10YR 
4/2ed).silt loam; weak,, fihe srankilar; very friable; 
few, fine vertical roots; moderately effervescent; 
éléar, wavy boundary; 3 to0g9 cm) thick; pH 8.0. 


Yellowish brown (10YR 5/4 m), pale brown (10YR 6.5/3 d) 
gravelly sandy loam; fragmental; very friable; few, 
fine vertical roots to 30 cm; strongly effervescent}; 
50% coarse fragments; pH 8.0. 


Limestone bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Solieolassiftteation: 


Remarks: 

Horizon Depth © 
(cm) 

il 5-0 

Ah 0-10 

Bm 10-30 

(C 30-60+ 


T-20, W. of Sunshine Reservoir, 51°04'25, 115°47'30 
i475] test A.M.S..L. 

Zou 

Northeast 

Rapidly drained 

Colluviun 

Saxifraga lyalltt community 

Alpine skutric Briunisol 

Plot located in drainage channel. Probably a late 
snowbed area. Weak terracing of the slope is in- 


dicative of some downslope soil movement. The A 
and B horizons are very similar. 


Fibrous turf; abundant, fine random and abundant, 
medium horizontal roots; abrupt, wavy boundary. 


Dark brown (10YR 3/3 m), grayish brown (10YR 5/2 d) 
sandy loam; moderate, fine granular; very friable; 

plentiful, fine random roots; 15% coarse fragments; 
gradual, smooth boundary gfo4-0 gi em thick: pH i7el-: 


Very dark grayish brown (10YR 3/2 m), grayish brown 
(1OYR 5/2 d) shaley sandy loam; moderate, medium 


subangular blocky; friable; few, fine vertical roots; 
40% coarse fragments; gradual, smooth boundary; 15 to 


25) CEL LCs OH ay. 2 


Dark yellowish brown (10YR 4/4 m), pale brown (10YR 


6/3 d) shaley sandy loam; moderate, medium subangular 
blocky; firm; few, fine vertical roots to 40 cm; 30% 


coarse fragments; pH 7.3. 


148 


<i 


by oe're°ert 2s" so ke: 


ste © yidedor! .Ipanardo ee saldedet 
-nt e! sgole acid to gakosTr83 ase . HoT | e 
A od? .4esaoven [foe sqolenweb smoa Yo sviszBorh — 

. tactiole yysv $1 mare beta) 


; Ye ea 
,toshouds bos wobnsy anki ~iasbauds ;Isud auowst 
“crabqued yvew ~tquxds :@3007 Sesnosizod mae 


(b S\2 AYOL) aword dekvagg @ E\E #YOI) aword 
ielidaisti y1sv ;2eivaexg sal? ,stershom 4 
; 2imarget? sennos KEI ;etoot mobasy pasty Y 
~£.% Bq yaotds ao a1 a7 a serbbaved dooms mei 


aword deiyetg .(m S\t #YOI) nwod delyatg 
muibeom ,sinyobom ;mael ybons yslede cst arp ¢ 
padoor Lsalttev snk? ,wot paldets3 ;ydool 
oF 2f gxxebhavod dseeme «faukarg Paloma, 


Hog. 
eB. mie 


| oe 
i 
Nree 


149 


a Gaus GE (618) 8 oy 97 O€ TS LOS 
= ie CY (aah 8 Ly, 185 Ov IS 996 
= ct oy Lay 9 777 OS: cl IS SoS 
[2002 ae [ye c00*=c0s Seco ce 
wo /3 w3e CT w3e QOT/T play eT) 3TTS pues Zoqunn 
€ uaq % UOTIUIIeY WUZ> JO ¥ atdues 
aAINASTOW (wu) UOTINGTAIST eZTS aTOTIAed 
TVWOISAHd 
ERAO 29° 0 5 doz Sry, G 1 @G he gee) re > 9; 0 = = LG = ce 0) O9-Ot £95 
Tyg0 373" 0 8 Clee Cec), 3) lee EO 413 = is Q Tt ome, rie () ¥ Ca ue OL-OL. 99S 
oy = 6°0 OT eG Go 7 qlee 4 uv OT-O S9SO0La 


8 EID TSP SURES Ges ESE MAL BE SP ALEK 


stskTeuy osueyoxy 


TV 9d 


sy 


azeTeXO 11TTeAV 


TWOINAHOD OC=L 


. oan S <a = BU 


beat B.A 


i ni on ; 


Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

iF 5-0 

Ah 0-8 

AC 8-20 

Ahb 20-21 

Bmb 21-26 

G 26-90+ 
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T-21, Standish Hump, 51°04'35, 115°47'10 
7500 feet A.M.S.L. 

65), 

East 

Rapidly drained 

Colluvium 

Anemone ocetdentalts community 

Cumulic Regosol (II) 


This is an unstable colluvial slope having contin- 
ual downslope movement, mostly by soil creep. 
Profile shows buried horizons and weak horizon 
differentiation. 


Fibrous turf; clear, wavy boundary. 


Dark brown (10YR 3/3 m), grayish brown (10YR 
4.5/2 d) silt loam; moderate, fine granular; 
friable; abundant, fine vertical and abundant, 
medium random roots; 5% coarse fragments; diffuse, 
wavy boundary; 2° to 10 cmpGhicktmpH 5.4. 


Dark brown (10YR 3/3 m), grayish brown (10YR 
4/2.5 d) silt loam; moderate, fine granular; very 
friable; plentiful, fine vertical roots; 5 to 10% 
coarse fragments; abrupt, wavy boundary; 10 to 15 
CN GibLeks pHa Of 


Dark brown (7.5YR 3/2 m) silt loam; moderate, fine 
granular; very friable; clear, broken boundary; 
D to, em thick. 


Strong brown (7.5YR 4/6 m) silt loam; moderate, 
fine granular; very friable; clear, broken boun- 
dary-"0 to so cm thick, 


Yellowish brown (1OYR 5/4 m), pale brown (10YR 
5.5/3 d) loam; moderate, coarse subangular blocky; 
friables; 60% cobbles; pH Wave 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
L 5-0 
Ah & C 0-8 
Ck1 8-18 
Ck2 18-30 
Ck3 30-48 


T-22, N. of Lookout Mtn., 51°05'10, 115°45'01 
7360 feet A.M.S.L. 


Level 


Poorly drained 

Aliuvium 

Saltx barrattiana omnes 
Cumulic Regosol (1) 


Plot is located in a meltwater drainage channel. 
Periodic alluvial deposition evident in profile, 
with only one weak discontinuous Ahb at 25 cm 
(very little time between deposits). 


Very dark gray (10YR 3/1 d) loose turf with 
undecomposed leaf litter; clear, wavy boundary; 
Seton OmeMacnick<s pile sec. 


Very dark brown (10YR 2/2 m) and very dark 
grayish brown (10YR 3/2 m), very dark gray 
(10YR 3/1 d) crushed color, silt loam; 
amorphous to weak, fine granular; very 
friable; few, fine random and plentiful, 
medium horizontal roots; abrupt, wavy 
boundary <|/) CoOsl2  Citethick pues... 


Dark brown (10YR 4/3 m), grayish brown (10YR 
5/2 d) loam; weak, fine subangular blocky; 
friable; few, fine horizontal roots, smooth, 
wavy boundary >) O0tCOsl> PcmaLiiclhce pH Minin 


Very dark grayish brown (10YR 3/2 m) silt loam; 
amorphous, friable to firm; very few, fine 
horizontal roots; very weakly effervescent; 
gradual, wavy boundary; pH 7.7. 


Dark yellowish brown (10YR 4/4 m), brown 
(LOYR 5/3 d) silt loam; amorphous; friable; 
very few, fine horizontal roots; many 
vesicular pores, very weakly effervescent; 
clear, smooth boundary; pH 7.5. 
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T-22 (continued) 


Horizon Depth 
(cm) 
Ck4 48+ Yellowish brown (10YR 5/4 m), very pale brown 


(LOYR 6.5/3 d) silt loam; amorphous; fim; 
very few, fine horizontal roots to 55 cm; few, 
vesicular pores; strongly effervescent; pH 7.9. 
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Location: 
Klevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


a bes) 


T-23, S. of Sunshine Village 
7600 feet A.M.S.L. 


Depressional Area 


Imperfectly drained 
Aeolian (volcanic ash) /Lacustrine/Till 


Carex nigrtcans community 


Plot is located in a small enclosed basin, 
hummocks have a micro-relief of 30 cm. Shape 
and thickness of the Ah varies greatly from 
hummock to hummock. 


I Cg 


Profile Sketch (1/10 scale) 
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T-23 (continued) 


Horizon 


Bml 


Bm2 


Bm3 


Bml 


C1 


C2 


TICg 


Depth 
(cm) 


2-0 


0-5 


SEE 


16-20 


20-25 


25-27 


27-34 


34-40 


40-47 


47-65 


65—385+ 
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Turfy organic layer. 


Very dark grayish brown (10YR 3/2 m), dark 
grayish brown (10YR 4/2 d) silt loam; weak, 
fine granular; very friable; abundant, fine 
random roots; clear, irregular boundary; 

pH 5-1. 


Dark reddish brown (5YR 3/4 m), light reddish brown 
(5YR 6/4 d) silt loam; weak, fine granular; very 
friable; abundant, fine random roots; clear, broken 
boundary; pH 5.7. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (10YR 4/2 d) silt loam; weak, fine granular; 
very friable; abundant, fine random roots; clear, 
broken boundary; pH 5.1. 


Strong brown (7.5YR 5/8 m), light yellowish brown 
(LOYR 6/4 d) silt; weak, fine granular; very 
friable; abundant, fine random roots; clear, broken 
boundary; pH 6.12. 


Dark brown (10YR 3/3 m), dark grayish brown (10YR 
4/2 d) silt loam; weak, fine granular; very friable; 
clear, broken boundary. 


Yellowish red (5YR 4/8 m), reddish yellow (5YR 6/8 d) 
silt loam; weak, fine granular; very friable; clear, 
broken boundary; pH 6.0. 


Yellowish red (5YR 4/6 m) silt loam; weak, fine 
granular; very friable; clear, wavy boundary. 


Strong brown (7.5YR 5/6 m), light yellowish brown 
(10YR 6/4 d) silt loam; weak, medium platy; 

friable; few, fine horizontal roots; abrupt, wavy 
boundary; pH 6.1. | 


Yellowish brown (10YR 5/6 m), very pale brown (10YR 
7/4 d) silt loam; amorphous to pseudo platy; firm; 
very few, fine horizontal roots; abrupt, smooth 
boundary; pH 6.2. 


Yellowish brown (1OYR 5/4 m), pale brown (10YR 6/3 d) 
silt loam; amorphous; firm; very few, fine random 
roots in upper part; 10% coarse fragments (large 
boulders); pH 5.5. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
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T-24, S. of Sunshine Lodge, 51°04'25, 115°46'50 
7500 feet A.M.S.L. 


Depressional basin 


Imperfectly drained 
Aeolian (volcanic ash) /Lacustrine 


Carex nigricans community 


Plot located in small (75 m by 25 m) depressional 
basin. Hummocks have a micro-relief of approxi- 
mately 30 cm. 


1/10 scale 
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T-24 (continued) 


Horizon Depth 
(cm) 
Ils 3-0 
Ah 0-9 
Ah+Bm1 1-26 
under 
hummock 
Bm2 9-19 
Bm3 19-49 
C 49-53 
TICgl 53-57 
iiCg2 57-77+ 
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Fibrous turf; abundant, fine random and abundant, 
medium horizontal roots; clear, wavy boundary. 


Black (1OYR 2/1 m), dark grayish brown (1OYR 

4/2 d) silt loam; weak, fine granular; very friable; 
abundant, fine vertical roots; gradual, irregular 
boundary; pH 5.3. 


Strong brown (7.5YR 5/6 m) silt loam; weak, medium 
granular; friable; plentiful, fine random roots; 
clear, broken boundary; pH 5.8. 


Yellowish brown (10YR 5/6 m) silt; weak, medium 
platy; very friable; plentiful, fine vertical roots; 
gradual, wavy boundary; pH 6.1. 


Strong brown (7.5YR 5/6 m) interband and yellowish 
red (5YR 4/6 m) bands, silt; strong, fine platy; 
firm; few, fine vertical roots; clear, wavy boundary; 
pH 6.4: 


Light yellowish brown (10YR 6/4 m) silt; amorphous; 
firm; very few, fine vertical roots; abrupt, smooth 
boundary; pH 6.5. 


Dark grayish brown (2.5Y 4/2 m) silty clay loam; 
amorphous; firm; very few, fine vertical roots; 
gradual, smooth boundary. 


Light olive brown (2.5Y 5/4 m) silty clay loam; 
amorphous; firm; roots to 75 cm; occasional stone; 
pH 519. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Some Classi facatvorm: 


Remarks: 


T-25, W. of Rock Isle Lake, 51°03'45, 115°46'50 
7500 feet A.M.S.L. 


Depressional basin 


Imperfectly drained 
Aeolian (volcanic ash)/Lacustrine 


Carex ntgrtcans comnunity 


Plot located in small enclosed basin. Surface 
and profile morphology same as T-24 and T-25. 


Profile Sketch (1/10 scale) 
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T-25 (continued) 


Horizon Depth 


(cm) 


L 6-0 
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Tur. 

Dark brown (10YR 3.5/3 m) silt loam; pH 6.2. 
Reddish brown (5YR 4/4 m) silt loam; pH 6.0. 
Yellowish brown (1OYR 5/6 m) silt loam; pH 6.4. 


Reddish brown (5YR 5/4 m) interband and strong 
brown (7.5YR 5/8 m) bands; silt; pH 5.9. 


Pale brown (10YR 6/3 m). 
Very dark grayish brown (2.5Y 3/2 m) silt loam. 


Dark grayish brown (2.5Y 4/2 m) silt loam; 
pHEG..L. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

Ahg 0-12 

Bg 12-20 

Cg 20-50 


T-26, N. of Twin Cairn Mtn., 51°04'40, 115°48'10 
7500 feet A.M.S.L. 


OF CO0Ls 


Poorly drained 

Alluvium 

Ertophorum scheuchzert community 
Orthic Humic Gleysol 


Meltwater ponds in this area in late summer. 
Considerable hummocky micro-relief. Gravelly 
wash on surface of bare patches. 


Dark gray (5Y 4/1 m), light yellowish brown 
(2.5Y 6/4 d) loam; weak, medium subangular 
blocky; sticky; abundant, fine vertical roots; 
gradual, smooth boundary; 10 to 15 cm thick; 
pH 5.6. 


Olive brown (2.5Y 4/4 m), light yellowish brown 
(2.5Y 6/4 d) loam; many, coarse, prominent (10YR 
5/6 m) mottles; amorphous; firm; very few, fine 
vertical roots; 5% coarse fragments; diffuse, 
wavy boundary; 5 to 10 cm thick; pH 7.3. 


Gray (5Y 5/1 m), light yellowish brown (2.5Y 
6/4 d) silt loam; many, coarse, prominent (10YR 
5/6 m) mottles; amorphous; slightly sticky; 20% 
coarse fragments; pH 6.9. 


Bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

Ahg 0-10 

Cgl 10-35 

Cg2 35-55 


Cg3 Sat 
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T-27, E. of Wa-Wa Ridge, 51°05'01, 115°47'40 
H7/ QOORLECtMA.M. So. Le 


Depressional area 


Very poorly drained 

Water-sorted colluvium 

Ertophorum angusttfoltum community 
Rego Humic Gleysol 


This is a groundwater discharge area with con- 
siderable seepage at the surface. There are large 
colluvial boulders scattered throughout the basin. 
Mottles occur in positions of greatest seepage 
volume. There is no micro-relief present, surface 
is very flat. Soil temperatures (August) 14ec 

at. 20 ¢m, 17°C at 50 em. 


Very dark gray (5Y 3/1 m), light olive brown (2.5Y 
5/4 d) gravelly sandy loam; weak, medium granular; 
slightly sticky; plentiful, fine random roots; 

15% coarse fragments; abrupt, wavy boundary; 8 to 

L2ecmpcnick pHs. . 


Gray (N5/ m)light gray (5Y 6/1 d) silt loan; 
common, fine distinct olive (5Y 4/4 m) mottles; 
amorphous; firm; very few, fine random roots; 
diffuse, smooth boundary; pH 5.8. 


Gray (N5/ m), olive (5Y 5/3 d) silt loam; many, 
coarse, prominent brown (10YR 4/3 m) mottles; 
amorphous; firm; 5% coarse fragments; diffuse, 
smooth boundary; pH 6.9. 


Gray (N5/ m) silt loam; amorphous; firm. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Claca: 
Parent Material: 


Vegetation: 


Somer Glass fhicat ton: 


Remarks: 
Horizon Depth 
(cm) 
I 4-0 
Ah 0-5 
Bmk 5-12 
IICk 12+ 


170 


T-28, N. of Quartz Hill, 51°02'45, 115°46'28 
7950" feet “ASM.S.L. 

Joys 

West 

Rapidly drained 

Colluvium/Glacial till 

Dryas community 

Alpine Eutric Brunisol 


Slope instability is expressed by buried Ah lens 
on one side of pit. The IICk is cemented with 
carbonates. Bedrock is quite shallow, perhaps 
60-80 cm. 


Fibrous turf; abundant, fine random and abundant, 
medium horizontal roots; clear, wavy boundary; 1 to 
Oo emethick. 


Black (LOYR 2/1 m), very dark gray (LOYR 3/72 d) 
silt loam; moderate, fine granular; very friable; 
plentiful, fine random roots 1 to 12 cm thick; 
20% coarse fragments; pH 7.3. 


Dark brown (7.5YR 4/4 m, MOYR 4/3 d) silt loam; 
weak, fine granular; very friable; few, fine 
vertical roots; very weakly effervescent; less 
than 5% coarse fragments; clear, wavy boundary; 
Seto ld seme thiicks pHi. i. 


Brown (1lOYR 5/3°m)  Jiehtyoray (10YR 6.5/1 9d) 
very gravelly loam; amorphous; very firm; strongly 
effervescent; 80% coarse fragments; pH 7.9. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

L 5-0 

Ah1 0-15 

Ah2 1555 

AC 35=-80+ 
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T-29, S. of Rock Isle Lake, 51°03'30, 115°46'30 
7600 feet A.M.S.L. 


40-60% 


Rapidly drained 

Colluvium 

Anemone occtdentalts community 
Cumulic Regosol (IT) 


The turfy L horizon is very compact and root 
bound. The profile is cumulic; due to very active 
soil creep the A and C horizons are mixed together 
and move downslope. There is slow groundwater 
seepage below 25 cm. 


Dark yellowish brown (10YR 4/4 m, 4/4 d) fibrous 
turf; abundant, fine random roots; gradual, wavy 
boundary; 93%to!6 cmgthick; "pH #5 25- 


Dark brown (10YR 3/3 m), dark grayish brown 
(lOYR 4/2 d) loam; weak, fine granular; friable; 
plentiful, fine vertical roots; 10% coarse frag- 
ments; diffuse, wavy boundary; pH 6.2. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (1OYR 4/2 d) silt loam; weak, fine granular; 
friable; plentiful, fine vertical roots; 20% coarse 
fragments; diffuse, wavy boundary; pH 6.6. 


Dark brown (10YR 3/3 m), brown (10YR 4.5/3 d) 

silt loam; moderate, medium subangular blocky; 
friable; few, fine vertical roots to 80 cm; weakly 
effervescent; 10% coarse fragments; pH 6.7. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
ib 2-0 
Ah 0-5 
ib 5-7 
Bm 7-17 
BG 17-30 
Ck 30+ 


T-30, Lookout Mtn., 51°04'20, 115°46'10 
7730) feet A.M.S.h. 

35-40% 

West 

Rapidly drained 

Colluvium (plus aeolian at surface) 
Phyllodoce glandultflora community 
Alpine Dystric Brunisol 


Truncation of profile and buried surface horizons 
show significance of downslope soil creep. Turf 
and Ah are sliding over the turf layers downslope. 


Fibrous turf; plentiful, fine vertical and abundant, 
medium horizontal roots; clear, wavy boundary; 1 to 
4-cm thick. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (1OYR 4/2 d) silt loam; moderate, fine granular; 
friable; plentiful, fine and medium random roots; 

10% coarse fragments; clear, wavy boundary; 2 to 6 
cmeehick | plo. s. 


Buried fibrous turf; plentiful, fine vertical and 
plentiful, medium horizontal roots; clear, wavy 
boundary; itoe4 cm Chick, 


Dark brown (7.5YR 4/4 m, 1OYR 4/3 d) silt loam; 
moderate, fine granular; friable, few, fine random 
roots; 15% coarse fragments; clear, wavy boundary; 
So) Goel OeCMPENUCkK me piHeoWwo.s 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (10YR 4/2 d) gravelly sandy loam; moderate, 
fine granular, friable; plentiful, fine vertical 
roots; weakly effervescent; 50% coarse fragments; 
gradual, wavy boundary; 5 to 15 cm thick; pH 7.0. 


Grayish brown (2.5Y 5/2 m), light brownish gray 
(LOYR 6/2 d) very gravelly sandy loam; weak, fine 
granular; loose; few, fine vertical roots to 50 cm; 
moderately effervescent; 60% coarse fragments; 

pH 7.5. 
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Location: 

Elevation: 

Slope: 

Aspect: 

Drainage Class: 
Parent Material: 
Vegetation: 

Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
L 3-0 
Ckl1 0-20 
Ck2 20-55 
Gk37 & 55-85 
Ck4 55-105 
(Ges: 105+ 
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T-31, SW of Lookout Mtn., 51°04'01, 115°45'55 
7740 feet A.M.S.L. 

LO7, 

Southwest 

Surface - well drained, some seepage at 20 cm +. 
Alluvium 

Saltx arettca community 

Cumulic Regosol (calcareous) (TI) 


The plot is located in a drainage channel, subject 
to annual flooding and deposition of fresh parent 
material. There is a thin®Layer of ash at 40 cm 
depth. 


Fibrous turf; plentiful, fine random and abundant, 
medium horizontal roots; 2 to 4 cm thick. 


Brown (10YR 4/3 m), light brownish gray (10YR 6/3 d) 
sandy loam; amorphous; friable; few, fine vertical 
roots; weakly effervescent; less than 5% coarse frag- 
ments; diffuse, smooth boundary; pH 7.9. 


Dark brown (10YR 3/3 m), grayish brown (1O0YR 5/2 d) 
silt loam; amorphous; friable; very few, fine verti- 
cal roots; weakly effervescent; abrupt, smooth 
boundary; pH 8.0. 


Dark brown (10YR 4/3 m) gravel; single grained; 
loose; few, fine vertical roots to 60 cm; abrupt, 
smooth boundary; pH 8.0. 


Dark brown (10YR 3/3 m) very fine sandy loam; 
amorphous; friable; weakly effervescent; less than 
5% coarse fragments; abrupt, smooth boundary; pH 8.0. 


Dark brown (10YR 3/3 m) very cobbly sandy loam; 
amorphous; friable; weakly effervescent. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soule Gtassa tt cation: 


Remarks: 


Horizon Depth 


(cm) 
Ah 0-6 
Bmk 6-16 
BC 16-21 
Ck 21-40 


R 40+ 
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T-32, NE of Rock Isle Lake, 51°03'40, 115°46'50 
7000 feet ALM.S.L. 

20% 

South 

Rapidly drained 

Glacial till/Bedrock 

Kobresta myosurotdes community 

Lithic Alpine Eutric Brunisol 


Kobresia turf is very firm and compact. Bedrock 
is close to surface. The upper 20 cm of the till 
appears to have been moved by frost or colluvial 
action (or by ground squirrel activity). 


Very dark brown (10YR 2/2 m), very dark grayish 
brown (1LOYR 3/2 d) silt loam; compactly rooted, 
turfy; abundant, fine random roots; 10% coarse 
fragments; clear, wavy boundary; 4 to 10 cm thick; 
pHeO.Un 


Dark yellowish brown (10YR 3/4 m), dark brown (10YR 
4/3 d) silt loam; weak, fine granular; very friable; 
abundant, fine vertical roots (upper Bm is turfy); 
lower Bm is moderately effervescent; 15% coarse frag- 
ments; gradual, wavy boundary; 5 to 15 cm thick; 

DHE oU0r 


Dark brown (10YR 4/3 m) gravelly sandy loam; moderate, 
medium granular; friable; plentiful, fine vertical 
roots; strongly effervescent; 50% coarse fragments; 
gradual, broken boundary; 0 to 10 cm thick; pH 7.5. 


Brown (10YR 5/3 m), light brownish gray (10YR 6/2 d) 
very gravelly sandy loam; amorphous; moist-friable; 
dry-hard; few, fine vertical roots to 40 cm; strongly 
effervescent; 75% coarse fragments (to cobble size); 
abrupt, irregular boundary; pH 7.7. 


Shattered Limestone bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
ie 4-0 
Gil 0-20 


C2 (1) 20-45 


CZ. (2;) 45-80+ 
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T-33, Base of Quartz Hill, 51°02'15, 115°45'35 
7850. feet A.M.S.L. 

60% 

East 

Rapidly drained 

Colluvium 

Saxtfraga lyalltt community 

Orthic Regosol 


This plot is located on a steep, active talus slope. 
Mass wasting is very active as reflected by the lack 
of pedogenic development. 


Black (5YR 2/1 m), very dark grayish brown (10YR 
3/2 d) fibrous turf; abundant, fine random roots; 
pH 6.8. 


Dark grayish brown (10YR 3.5/2 m), grayish brown 
(10YR 4.5/2 d) gravelly silt loam; weak, fine granu- 
lar; very friable; abundant, fine vertical roots; 
30% coarse fragments; 15 to 25 cm thick; pH 7.6. 


Very dark grayish brown (10YR 3/2 m), brown (10YR 
4/3 d) bouldery silt loam; weak, fine granular and 
weak, coarse subangular blocky; very friable; plenti- 
ful, fine vertical roots; 30% coarse fragments 
(boulder size); pH 7.6. 


Very dark grayish brown (10YR 3/2 m), brown (10YR 
5/3 d) bouldery silt loam; fragmental; friable; 
very few, fine vertical roots; 30% coarse fragments 
(boulder size); pH 7.7. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 
Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
F 3-0 
Ah1 0-4 
C 4-5 
Ah2 5-15 
Bm 15-20 
Ah3 20-23 
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T-34, E. of Quartz Ridge, 51°02'22, 115°45'20 
73460 feet A.M. S.L. 


2% 


Poorly drained 

Alluvium 

Saltx barratttana community 
Cumulic Regosol (1) 


Plot is located in a snow-melt drain. There 

is limited groundwater seepage. Material is 
very heterogeneous, varying from sandstone- 
derived to siltstone-and shale-derived alluvium 
material. 


Black (10YR 3/1 m, 2/1 d) slightly decomposed 
organic matter; plentiful, fine and medium 
random roots; 0 to 5 cm thick; abrupt, smooth 
boundary; pH 6.4. 


Black (1lOYR 2/1 m), black (1OYR 2/1 d) loam; 
moderate, fine granular; slightly hard; few, 
medium horizontal and plentiful, fine random 
roots; abrupt, smooth boundary; pH 6.1. 


Very dark gray (10YR 3/1 m), dark gray (10YR 
4/1 da) alluvial deposit. 


Very dark brown (10YR 2/2 m), very dark gray 
(10YR 3/1 d) loam; weak, fine granular to 
weak, medium blocky; slightly hard; plentiful, 
fine random and few, medium random roots; 
abrupt, smooth boundary; pH 6.7. 


Brown (7.5YR 4/4 m, 1OYR 4/3 d) loam; weak, 
coarse subangular blocky; very friable; few, 
fine random roots; less than 5% coarse frag- 
ments; 1 to 8 cm thick; gradual, irregular 
boundary; pH 7.0. 


Black (1OYR 2/1 m) gravelly loam; amorphous; 


loose; 50% coarse fragments; clear, smooth 
boundary; pH 679). 
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T-34 (continued) 


Horizon Depth 
(cm) 

LLG 23-53 

ELLG 23+ 
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Brown (1OYR 5/3 m, 5/3 d) gravel; amorphous; 
loose; few to very few, fine vertical roots; 


90% coarse fragments; clear, smooth boundary; 
pH 6.9. 


Dark grayish brown (2.5Y 4/2 m), light brownish 
gray (10YR 6/2 d) gravelly silt loam; amor- 
phous; friable; 25% coarse fragments; pH 7.1. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soule Gluassitevcatctone 


Remarks: 

Horizon Depth 
(cm) 

L 2-0 

Ah1 0-5 

Ah2 5-10 

Ah3 10-18 

LIC 18-33 

IL1ICk 33-90+ 


T-35, W. of Windy Point, 51°02'23, 115°45'45 
7430 feet A.M.S.1L. 


a) tare 


Poorly drained 
Alluvium 

Saltx barratttana 
Cumulic Regosol (1) 


This plot is located in a drainage channel where 
runoff water likely ponds for some time. The pro- 
file indicates periodic alluvial deposition. Soil 
is hard and amorphous when dry. 


Undecomposed moss litter. 


Dark brown (1OYR 3/3 m), grayish brown (10YR 5/2 d) 
silt loam; weak, medium subangular blocky; friable; 
diffuse, wavy boundary; 0 to 8 cm thick. 


Black (1OYR 2/1 m), dark grayish{brown (1OYR 4/2 d) 
silt loam; weak, medium subangular blocky; firm; 
plentiful, fine random roots; diffuse, wavy boundary; 
OetogloacMethick. 


Dark brown (10YR 3/3 m), grayish brown (1OYR 4/2 d) 
silt loam; weak, medium subangular blocky; firm; 
gradual, smooth boundary; 5 to 10 cm thick; pH 6.5. 


Light yellowish brown (10YR 6/4 m), very pale brown 
(10YR 7/3 d) silt loam; amorphous; hard; very few, 
fine vertical roots; very weakly effervescent; clear, 
smooth boundary; 12° to 20) cm) thick: pH 7-1. 


Olive brown (2.5Y 4/4 m), light brownish gray (10YR 
6/2 d) loam; amorphous; hard; very few, fine random 
roots; strongly effervescent; pH 7./7. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

LE 2-0 

Ah 0-5 

Bm 5-13 

Ahb 13-18 

C 18-80+ 
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T-36, S. of Sunshine Village, 51°02'46, 115°45'55 
7580) Eeet A.M.S.L. 


2% 


Imperfectly drained 
Aeolian/Glacial till 
Saltx arctica 

Alpine Dystric Brunisol 


The surface 10-15 cm of aeolian (ash) is variable 

to 0 cm where boulders protrude. Buried Ah seems 

to have developed in surface of the till and later 
covered with ash. 


Fibrous turf 


Very dark grayish brown (10YR 3/2 m), brown (10YR 
5/3 d) silt loam; weak, fine granular; friable; 
plentiful, fine random roots; abrupt, smooth 
boundary; 2 to 15 cmetthick> pH 6.2: 


Strong brown (7.5YR 5/8 m), brownish yellow (1OYR 
6/6 d) silt loam; weak, coarse subangular blocky; 
friable; plentiful, fine random roots; clear, smooth 
boundary; 3 to 12 cm thick: pH 6.5. 


Dark brown (10YR 3/3 m) gravelly loam; weak, fine 
granular; friable; plentiful, fine random roots; 
40% coarse fragments; clear, irregular boundary; 
O to 8 cm thick. 


Yellowish brown (10YR 5/4 m), brown (10YR 5/3 d) 
loam; fragmental; friable; few, fine vertical roots; 
20% coarse fragments; pH 6.2. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
Ah 0-12 
LIBmk 122097 
TUGK 27+ 


T-37, S. of Sunshine Village, 51°02'45, 115°45'55 
7550 feet A.M.S.L. 


Level 


Imperfectly drained 
Aeolian/Glacial till 
Salix arettca community 
Alpine Eutric Brunisol 


The Ah seems to be developed in an aeolian overlay. 
Drainage is better than T-38 due to location on 
slightly raised area. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (10YR 4/2 d) silt loam; weak, fine granular; 
very friable; plentiful, fine random roots (upper 
2 cm turfy); 5% coarse fragments; clear, wavy 
boundary; 6 to 12 cm¥thick: pHi6.7- 


Dark brown (10YR 3/3 m), grayish brown (10YR 5/2 d) 
silt loam to loam; moderate, fine granular; friable; 
few, fine vertical roots; weakly effervescent; 20% 
coarse fragments; gradual, smooth boundary; pH 7.3. 


Dark grayish brown (2.5Y 4/2 m), grayish brown (1OYR 


5.5/2 d) gravelly loam; no roots; weakly effer- 


vescent; 30% gravel; pH 7.9. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

Ahgj 0-9 

Cgl 9-29 

Cg2 29-60 


Cg3 60+ 


JeSak 


T-38, W. of Windy Point, 51°02'44, 115745254 
7550 feet A.M.S.L. 


1% 


Poorly drained 

Glacial till 

Carex saxttilis L. var. major Olney 
Rego Humic Gleysol 


There is no mottling or prominent gleying but the 
colors are dull and structure is massive; therefore 
soil put into the Gleysolic Order. The Ah tends to 
be thicker under the small (2-6") micro-relief 
clumps. Parent material appears to be glacial till 
that has been somewhat sorted by water. 


Dark brown (10YR 3/3 m), dark brownish gray (1OYR 
4/2 d) silt loam; weak, fine granular; very friable; 
plentiful, fine vertical roots (upper 2 cm turfy); 
10% coarse fragments; clear, wavy boundary; 5 to 

10 cm thick; pH 6.1. . 


Yellowish brown (10YR 4.5/4 m), grayish brown (1OYR 
5/2 d) silt loam; very coarse platy and weak, fine 
subangular blocky; friable; few, fine vertical roots; 
20% coarse fragments; diffuse, smooth boundary; 

PH Oa33 


Dark grayish brown (2.5Y 4/2 m), brown (10YR 5/3 d) 
gravelly loam; amorphous; friable; very weakly 


effervescent; 30% coarse fragments; pH 7.5. 


Very stoney loam; no roots. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 
(cm) 
Ah 0=5 
AC SaaS) 
C 35-36 
EICk 36+ 


T-39, SE of Ski Patrol Hut, 51°04'44, 115°46'45 
7140 feet A.M:S.L. 

50% 

North 

Rapidly drained at surface, some seepage 
Colluvium 

Anemone ocetdentalts community 


Cumulic Regosol (II) 


Unstable colluvial slope, with groundwater seepage. 


The AC seems to be a cumulative horizon with in- 
clusions of Ah and volcanic ash. AC is well 
rooted (from Carex spp). C is a seepage plane - 
seems to be contact between upper (active) and 
lower colluvium. 


Very dark grayish brown (10YR 3/2 m), grayish 
brown (10YR 5/2 d) loam; abundant, fine random 
roots; gradual, smooth boundary; pH 5.1. 


Yellowish brown (10YR 5/6 m) and dark yellowish 
brown (10YR 4/4 m), pale brown (10YR 5.5/3 d) 
silt loam; moderate, fine granular; friable; 
plentiful, fine vertical roots; 10% coarse 
fragments; pockets of ash; gradual, smooth 
boundary; pH 6.0. 


Dark brown (10YR 3/3 m) silt loam; charcoal 
fragments present; abrupt, broken boundary; 
0 to 1 em thick. 


Grayish brown (10YR 5/2 m), light brownish gray 
(1OYR 6/2 d) gravelly sandy loam; fragmental; 
friable; few, fine vertical roots to 50 cm; 402 
coarse fragments; pH 7.5. 
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Location: 
flevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

iL. 1-0 

Ahk 0-3 

Bmk 3-9 

Heke 9-80+ 


T-40, E. of Ski Patrol Hut, 51°04'44, 115°46'44 


7200° feet A.M.S.L. 
3-007 

North 

Rapidly drained 
Colluvium 


Saxtfraga lyallit community 


Alpine Eutric Brunisol (calcareous) 


Late snowbed accumulation area. This is a fairly 
active colluvial slope with thin buried Ah hori- 
zons. SS. lyallit does not form a compact turf, 
roots are all vertical and do not bind very effec- 
tively. Clumps of Saxifraga form micro-terraces. 


Fibrous turf; clear, wavy boundary; 1 to 3 cm thick. 


Dark grayish brown (10YR 4/2 m), grayish brown (10YR 
5/1 d) loam; weak, fine granular; friable; few, fine 
vertical roots; 20% cobble-sized fragments; gradual, 
broken boundary; 0 to 6 cm thick; pH 7.7. 


Dark yellowish brown (10YR 4/4 m), grayish brown 
(LOYR 4/2 d) silt loam; weak; fine granular; friable; 
few, fine vertical roots; 20% cobble-sized fragments; 
cléar, broken? boundary; O0stco .LUsemsthicks pH i/.9: 


Grayish brown (10OYR 5/2 m), light gray (1OYR 6/1 d) 
very gravelly sandy loam; single grain; friable; 
very few, fine vertical roots to 40 cm; weakly 
effervescent; pH 7.9. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 
Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
i 4-0 
Ahl 0-8 
Ah2 8-25 
C 25-45 
Bm 45-65 
(EbG 66+ 
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T-41, S.E. of Wa-Wa Ridge, 51°04'50, 115°47'50 
7580 feet A.M.S.L. 

1s 4 

East 

Moderately well drained 

Alluvium and colluvium/shale bedrock 

Carex nigrtcans community 

Cumulic Regosol (1) 


The plot is located in a meltwater drainage area 

and possibly receives some groundwater seepage. 

The Ah seems to be cumulic, possibly due to alluvial 
deposition or churning by mass wasting. The Bm is 
an area of water movement, as water is perched on 
top of the shales. 


Dark grayish brown (10YR 4/2 d) fibrous turf; 
abundant, fine and medium random roots; clear, 
smooth sboundary; 92> Co 5 ‘em-thiek; pH 6.0. 


Dark brown (10YR 3/3 m), grayish brown (10YR 5/2 d) 
silt loam; weak, fine granular; very friable; abun- 
dant, fine random roots; diffuse, wavy boundary; 

59 to LORcm thick pHi. Gr 


Dark brown (10YR 3.5/3 m), grayish brown (10YR 5/2 d) 
loam; weak, fine granular; very friable; plentiful, 
fine vertical roots; clear, wavy boundary; 15 to 20 
ciathniak: pies... 


Dark grayish brown (10YR 4/2 m), pale brown (10YR 
6/2.5 d) gravelly sandy loam; moderate, medium sub- 
angular blocky; friable; few, fine vertical roots; 
clear, wavy boundary; pH 5.8. 


Dark brown (7.5YR 4/4 m), strong brown (7.5YR 5/6 d) 
silt loam; weak, fine granular; friable; few, fine 
vertical roots; gradual, broken boundary; 2 to 25 
Ch thick on mono. 


Shaley silt loam (weathered shales). 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
\F 4-0 
Ah 0-7 
Bm 7-11 
LIBC 11-19 
EECL 19-75 
LLGZ 75+ 
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T-42, E. of Twin Cairn, 51°04'48, 115°47'50 
7590 feet A.M.S.L. 

ites 

Southeast 

Rapidly drained 

15 cm aeolian/Glacial till 

Saltz aretica - Antennaria community 

Alpine Dystric Brunisol 


The solum appears to be somewhat churned up due to 
downslope creep. 


Fibrous turf; abrupt, smooth boundary 


Very dark brown (1OYR 2/2 m), very dark grayish brown 
(lOYR 3/2 d) loam; weak, fine granular; very friable; 
plentiful, fine random roots; clear, wavy boundary; 
Deco L2ecmethicx phe wor 


Dark reddish brown (5YR 3/4 m), brown (10YR 4/3 d) 
silt loam; weak, fine granular; very friable; plenti- 
ful, fine random roots; clear, broken boundary; O to 
Geemstinick-s pHeo.o- 


Brown (7.5YR 5/4 m), pale brown (10YR 6/3 d) gravelly 
sandy loam; moderate, fine subangular blocky; friable; 
few, fine vertical roots; 25% coarse fragments; 
gradual, smooth boundary; 8 to 10 cm thick; pH 5.3. 


Brown (10YR 4/3 m), light brownish gray (1O0YR 6/2 d) 
gravelly loam; fragmental; friable; 40% coarse frag- 
ments; pH 5.4. 


Brown (10YR 4/3 m), light brownish gray (10YR 6/2 d) 
gravelly loam; fragmental; very firm; pH 5.5. 


thes Cea ie 
Y2iaummos niveannesih = nebsons she i 
Pe foutauxé ere eee 113 


02 sub, qu beuiuds tathiomon 96 03 exssags tncfon od j 
io ee 


erahinio’ dacome pees ews ee 


aword detys7g dash yrew ,(@ S\S #YOL) ound Sxeb. cual 
jeideix? vrev jrelunesg enti ,lsow pmaol (b S\E re 
ivsbmed wav , twels pedoot oon tut: 


(b E\a BYOL) aword .(@ A\E ave) mwo1d dlekbbes ta80 
-bonelq yoideta yvrev ;tadenatg sof? .jsaw = a 


ot © yvssbaved nedord ,ts9io ;e2007T mobasy soli 
ves : 8.2 Hg aoe | a. 
vilevetg (b £\a AYOL) nword é ois¢ ~ (mm A\2 AY2.%) aword- 


yaidsty? pyloold presage sore <23erebom ;meol ybnsa 
satnsmees? ajoox Issitrev 
~£.2@ Hq odds ao 


di3ooms venienia, 3 
(b S\8 #¥Or) fat ae mr) mvt 
~geTl seveod 

0.2 Hq ;ed00mn 
th S\a avn) 


| lik NP WYO) mors 
. qmsol ylisverg 


» ©) 
aoe 
a ae 


200 


- €°8 LZ 9°0 4TH E€ €S - ‘i ngs 
- Z°6 8z 0°F 8T 9€ 94 OY 1 OSS 
- OT 8Z 6°0 6 gE €S GZ Is 64S 
9°0 97 gL 4° 8 Z9 0€ - ITS 84S 
7°0 - OOT a G eT LS O€ - TES L4S 


ABT) 3TTS pues 
UZ > JO % 
(um) uoTINGTAASTG 9ZTS 9TItI4ed 


jequny 
otTdues 


wae CT w3e OT/T 
¥ UOTIUIIyY 
ainqstoy 


°3S0 sseTt9 
wuz <g} °° 3 XOL 
vA 


TWOISAHd 
= = T Eh, 7 Go OF 0 Seg Fie at) 0 ¥ = a a ola c°s ZIOLie) .O6—57 wee SG 
= = 0 c°6 oe 0) MO Ga0 4Q= AF OV = a = a ecm MOL) Sl-67 Ose 
CGO SEL OF 1 CaS asa CO vael. ay 473, «L°S = 6 0° te i Ode Com SOU ie 6121 67S 
Oe de aL c woe eT EO SOROm Slag 1:0, Loot he CLS ao es CeO mg Ol eS Hae att 87S 
OFs0"66.0;° 8 Coy MeO Cem Ge Ce Gay Ls Cn) eS mOn CE ss OT 6 76m 560 ete 921 roe uv =) L7SOla 


yA i 
TV od io quinn 
Je TeXO otTdues 


TWOINHHOD 69-1 


7 : 
EsS S.dl $.0 


$.9 “8.0 
£0 ro 
£0 bee 


1.0 
23 
x3 


x3 


ma = L1-% 


ce DaIt Of-IL eae 
Me HORE ey-er ove 


Location: 

Elevation: 

Slope: 

Aspect: 

Drainage Class: 
Parent Material: 
Wegetation: 

Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
Of 10-0 
Ahg 0-10 
Bel 10-20 
Bg2 ZO> SUT 


T-43, E. of Twin Cairn Mtn., 51°04'30, 115°47'35 
7610 feet A.M.S.L. 


Level 


Very poorly drained 

Alluvium 

Ertophorum angusttfoltum community 

Orthic Humic Gleysol 

This plot is located in an area that experiences 


considerable groundwater discharge and snowmelt 
runoff. The center of the basin is about 5 feet 


higher than the edges, where most of the water runs. 


Hummocks are as much as 30 cm high with the peat 
being 10 cm deep. Bgl horizon is reduced, Bg2 

is oxidized - indicating oxygenetated water flowing 
through Bg2. 


Dark reddish brown (5YR 3/3 m), dark brown (10YR 
3/3 d) slightly decomposed mosses and sedges; 
sharp, smooth boundary; pH 5.1. 


Very dark gray (N3/ m) silt loam; few, fine, faint 
mottles; amorphous; sticky; plentiful, fine 
vertical roots; gradual, smooth boundary; pH 7.2. 


Gray (N5/ m), grayish brown (2.5Y 5.5/2 d) silt 
loam; few, fine prominent light olive brown 
(2.5Y 5/4 ) mottles; amorphous; very sticky; 
very few, fine vertical roots; gradual; wavy 
boundary; »pH 4.7. 


Olive gray (5Y 4/2 m), light yellowish brown (2.5Y 
6/4 d) silt loam; many, coarse, prominent dark 
yellowish brown (10YR 4/4) mottles; amorphous, 
very sticky; 10% coarse fragments; pH 7.4. 


201 


ae va°err 


esosreltagxs ios3 0 
tieuvoue bas »gx 


-Rtwx Tsjaw adi Yo 3eom 


Oe" 80°, a 


ot Septonl 8 
js2} 2 gods eat olead ad to 193089 odT 
erate ata. eit aie eae 
rar f)w rigid @ Of 26 doum-es sxe 

af ,becwbyy et noxtrod Igt -qosb 


or 


a 1928W nen ane in Feuthise 


AYOI) sword fab, (x ne ne nwdxd delbbes 
osbh yirdetia ( 


ent? _ [ut 


tyaskve ee ay 
uvew jLeubatg 


1 ye ee Fy 


Yé.%) swoid datwatlay ft 


{= 
- 


Ls 


oF 


b 


Wisbngod d3coma quae 
Jote? ent? ,wst Std (a \EM) yerg Arab gxsv 


: 
detvera .(m \Zi) yax0 


idmelg ,wiokse pevordqroms ;26L3tom — 
S10 Bg i yaehaved soon ,taubsxg jet007 DOE AT OP ap 


site Bah S\2.2 ve. s) sox 


ay 


BL x Na,20) ye a 
| aad 


Sg 


a 


rN 7 ind ‘ 

‘ _ 2 i. 
cae s 
ean 
— ae : : 7 


oo ae 

nd yl = 
| a ve oe! 3; a 
7 7s ; eal be - 
’ 2 : eo ae 
_ OS-OL [gf 
’ q 7 
: — 
ae ee 

a 


r 
yo; ce 
ee oie 


202 


zs OT sha 6°0 02 09 0z OT TtS 9479S 
= 02 OOT pene 7C ES 61 = TES E796 
= £t 6L ES 6 oS GC = ‘TTS 9G 
a 89 Oa me = es = fe Be) 


jzequnn 
ao Tdues 


4aTTS 
WH > JO % 
(um) uoTINqTAAsTq ezZTS sTITIIed 


w3ze CT we OT/T “iy mieeseno 
¥ UOTIUII2Y 


ainjstoy 


TWOISAHd 
“a & 0 ml tye Ce U3 (Oe 3 6°8 € aut) Loe c 7a 73a = 0S-0Z 44796 
r = 7 UC [a 6G Or 10° TOR 988 = OT Lee 7 2 L Low T3q- OZ-OT #796 
$ S 3 teove: -6c— 1 Gales [20° =43 =“ cx OT O° 8°0 Cl Cee suv OT-0 eos 
= et Cimec vecee CommGeG (ue 17 e7al me ai sO. RoC = cy GTCome cw OS aes, 30 OOP coS0Le 


Uh a Hd uoz (w2) 
o¢H |-f20H | yadeq 


ae Texo at dues 


TVOINAHO Cyan 


Ae ae ee 
ete oP: - = a OL: - 
ui ‘1.05 £0 a.8 0h = ae, 0: ‘ ca - Igtl 


BB. Uribe 6a -_ 


Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


SomimGllacsthucataon: 


Remarks: 
Horizon Depth 
(cm) 
if 1-0 
AC 0-2 
Ahb 2-3 
Ah 3-18 
A+B+C 18-45 
c 45+ 


ALTERNATE PROFILE 


L 3) 
A+B1 0-12 
A+B2 12-24 
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T-44, N. of Rock Isle Lake, 51°03'55, 115°47'10 

7540 feet A.M.S.L. 

2d h 

Southeast 

Rapidly drained 

Colluvium 

Anemone ocetdentalis community 

Cumulic Regosol (IT) 

Active downslope movement has resulted in a cumulic, 


churned-up profile. Rocks turning while sliding 
cause mixing of horizons. 


Fibrous turf; abrupt, wavy boundary. 
Very thin, discontinuous horizon. 
Very thin, discontinuous horizon. 


Dark brown (10YR 3/3 m, 4/3 d) loam; weak, fine 
granular; friable; (few, miine vertical, roots; clear, 
wavy boundary; pH 5.5. 


Very dark grayish brown (10YR 3/2 m), yellowish 
brown (10YR 5/4, 5/6 m), and brown (7.5YR 5/4 m) 
loam; fragmental; friable to firm; very few, fine 
vertical roots to 30 cm; gradual, wavy boundary. 


Yellowish brown (10YR 5/4 m) stoney loam; moderate, 
fine subangular blocky; friable to firm. 


Fibrous turf; abundant, fine random roots; clear, 
wavy boundary. 


Dark brown (1OYR 4/3 m), brown (10YR 5/3 d) silt 
loam; plentiful, fine vertical roots; less than 
10% coarse fragments; gradual, wavy boundary; 

peleh hyo 


Dark brown (10YR 3/3 m), brown (10YR 5/3 d) loam; 
moderate, fine, granular; friable; few, fine 
vertical roots; 10% coarse fragments; gradual, 
wavy boundary; pH 6.1. 
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T-44 (continued) 


Horizon Depth 

(cm) 
A+B3 24-39 
C 39-F 


Dark yellowish brown (1OYR 3/4 m), brown (10YR 
5/3 d) silt loam; moderate, fine granular; 
friable; few, fine vertical roots; gradual, wavy 
bouridary; pH 6... 


Roots to 7G cm. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


( ct) 
Agh 0-18 
Be 18-48 
IIiCkg 48+ 


T-45, N. of Twin Cairn Mtn. 51°05'16, 115°48'02 
7450 feet A.M.S.L. 


Level 


Very poorly drained 

Alluvium 

Eriophorum scheuechzeri community 
Orthic Humic Gleysol 


This plot is located in a basin that has consid- 
erable groundwater discharge as well as runoff 
from large snowbed accumulations. The plot is 
located in the streambed. 


Very dark gray (N3/ m), olive (5Y 5/3 d) loam; 
amorphous; sticky; few, fine vertical roots; 15% 
coarse fragments; gradual, wavy boundary; 12 to 
25 °em thick: pH 6.4. 


Dark yellowish brown (10YR 4/4 m), light yellowish 
brown (10YR 6/4 d) gravelly loam; amorphous, sticky; 
very few, fine vertical roots; 30% coarse fragments; 
pHes.4. 


Brown (10YR 4/3 m) and dark grayish brown (2.5Y 

4/2 m), light yellowish brown (2.5Y 6/4 d) very 
gravelly sandy loam; single grain; loose moderately 
effervescent; pH 7.9. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

Ahg 0-4 

Bg 4-20 

Cg 20+ 


T-46, N. of Twin Cairn Mtn., 51°04'40, 115°48'10 
7480 feet A.M.S.L. 


O-1% 


Very poorly drained 
Alluvium 

Carex eleustnoides community 
Orthic Gleysol 


Plot located in an area of groundwater discharge 
and snowmelt ponding. Carex grows in clumps 


’ covering about 50% of the surface. 


Very dark gray (N3/ m) silty clay loam; 
moderate, medium subangular blocky; sticky; 
plentiful, fine vertical roots; less than 5Z 
coarse fragments; clear, irregular boundary; 
PHAO.s 


Light olive brown (2.5Y 5/4 m) silt loam; 
common, fine distinct, yellowish brown 

(10YR 5/6 m) mottles; massive, firm; very, few 
fine vertical roots; less than 5% coarse frag- 
ments; gradual, smooth boundary; pH 7.8. 


Gray (5Y 6/1 m) silt loam; many, coarse, 
prominent yellowish brown (10YR 5/6 m) mottles; 


massive, slightly sticky; very few, fine vertical 


roots; less than 5% coarse fragments; pH 8.0. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
Ahk 0-5 
Bmk 5-15 
BC 15-25 
R 25+ 
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T-47, NE flank of Quartz Hill, 51°02'50, 115°46'25 
JooU feet AMS. 

Level (terrace) 

East 

Rapidly drained 

Colluvium/Bedrock 

Saxtfraga lyalltzt community 

Lithic Alpine Eutric Brunisol (calcareous) 


Plot located on small bedrock terrace on side of 
mountain. Colluvial material perched on terrace. 
Cobbly surface, very stony profile. B and C are 
very difficult to separate, probably due to churning 
by mass wasting processes. Several colors from 
different rocks weathering. Late snowbed area. 


Dark gray (1LOYR 3.5/1 m), grayish brown (10YR 5/2 d) 
gravelly silt loam; weak, fine granular; very friable; 
abundant, fine vertical roots; very weakly efferves- 
cent; 50% coarse fragments; clear, irregular boundary; 
ieto, LOscmethick:s piesn. 


Dark yellowish brown (10YR 4/4 m), pale brown (10YR 
6/3 d) gravelly silt loam; moderate, fine subangular 
blocky; friable; very few, fine random roots; very 
weakly effervescent; 30% coarse fragments; diffuse, 
smooth boundary; O to 15 cm thick. 


Yellowish brown (10YR 5/4 m), pale brown (10YR 6/3 d) 
sandy loam; friable; very weakly effervescent; 0 to 
TOgemst hicks eple/7.7e 


Dolomitic chert? Bedrock, 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

L 5-0 

Ahg 0-25 

ACg Za) 

Cg 25 


T-48, North of Twin Cairn Mtn. 
7480 feet A.M.S.L. 


Ost L727 


Poorly drained 
Alluvium 

Carex community 
Rego Humic Gleysol 


Plot located in a snow-melt drainage that is sub- 
jected to annual flooding and ponding. Groundwater 
seepage evident. Slight hummocky micro-relief. 


Fibrous turf; abundant, fine random roots; abrupt, 
wavy boundary; 3 to 15 cm thick; pH 6.4. 


Olive gray (5Y 4/2 m), grayish brown (2.5Y 5/2 d) 
sandy loam; weak, fine subangular blocky; friable; 
few, medium random roots; 5% coarse fragments; 

diffuse, wavy boundary; 15 to 30 cm thick; pH 6.5 


Olive gray (5Y 5/2 m) gravelly loam; many, coarse, 
prominent (10YR 5/6 m), mottles; weak, fine sub- 
angular blocky; friable; plentiful, fine vertical 
roots; 40% coarse fragments; diffuse, smooth 
boundary. 


Light olive brown (2.5Y 5/4 m), olive yellow 
(2.5Y 6/5 d) gravelly sandy loam; many, medium, 
faint (2.5Y 5/2 m) mottles; few, fine vertical 
roots; 752 coarse fragments; pH /./. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 
i 3-0 
Ah 0-3 
Bm 3-11 
IIBC 11-31 
WINING 31-46 


R 46+ 
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T-49, East of Twin Cairn Mtn. 

hD00R FestaA Mss eli. 

5 - 18% 

Southeast 

Rapidly drained 
Aeolian/colluvium/till/shale bedrock 
Casstope tetragona community 

Lithic Alpine Dystric Brunisol 


The IIBC is a mixture of material that is probably 
duesto churning by soi creep. The till “(1IL1G)"is 
very compact. The Ah horizon is present only under 
the clumps of Cassiope - not between the clumps. 
Silt coatings were noticed on shale fragments in 
the profile. 


Very dark brown (5YR 2/2 m), very dark gray (10YR 
3/1 d) fibrous turf; plentiful, fine random and 
abundant, medium horizontal roots; clear, wavy 
boundary; 2°to 4 em thick: pH D.4. 


Very dark grayish brown (1OYR 3/2. m, 3/2 d) loam; 
weak, fine granular; very friable; plentiful, fine 
random roots; clear, irregular boundary; 0 to 5 cm 
CNLCK ye ph OLre 


Dark brown (10YR 3/3 m),grayish brown (10YR 5/2 d) 
silt loam; weak, fine granular; very friable; few, 
fine random roots; abrupt, wavy boundary; 7 to 10 
emethicks pH 6.3% 


Yellowish brown (10YR 5/6 m), dark yellowish brown 
(10YR 4/4 m), very dark grayish brown (10YR 3/2 m), 
yellowish red (5YR 4/6 m) and pale brown (crushed) 
(10YR 5.5/3 d) silt loam; moderate, fine subangular 
blocky; friable; very few, fine random roots; 20% 
coarse fragments; clear, wavy boundary; pH 6.6. 


Dark gray (10YR 4/1 m), pale brown (1OYR 6/3 d) 
shaley loam; fragmental; firm; 30% coarse fragments; 
abrupt, irregular boundary; 12 to 20 cm thick; 

ee! (oh ede 


Shale bedrock. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


SOummGhassS bared tron: 


Remarks: 
Horizon Depth 
(cm) 
L 6-0 
Ah1 0-1 
Bml 1-4 
Ah2 4-7 
Bm2 7-13 
IIBm3 13-21 
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t-50, East) of Iwin Cairn Mtn. 

7730 feet A.MsS.L. 

30% 

Southeast 

Rapidly drained 

20 cm Colluvium + Aeolian/30 cm Colluvium/Till 
Vaeeintum scopartum 

Alpine Dystric Brunisol 


Mass wasting processes on this unstable slope 
result in buried horizons and distortion of 
horizon orientation. 


Fibrous turf; abundant; fine random and abundant, 
medium horizontal roots; abrupt, wavy boundary; 
Storrs vem thicky spies tc. 


Very dark grayish brown (10YR 3/2 m), dark grayish 
brown (10YR 4/2 d) loam; weak, fine granular; 
friable; plentiful, fine random and abundant, medium 
horizontal roots; 10% coarse fragments; clear, broken 
boundary ;30) tom.) cmrthick: sph ao. oO. 


Dark yellowish brown (10YR 4/4 m) shaley silt loam; 
weak, fine granular; loose; plentiful, fine random 
and abundant, medium horizontal roots; 30% shale 

fragments; clear, broken boundary; O to 7 cm thick. 


Dark brown (10YR 3/3 m) loam; weak, medium granular; 
very friable; plentiful, fine random and abundant, 
medium horizontal roots; 10% shale fragments; clear, 
wavy boundary; 1 to 7 cm thick. 


Dark yellowish brown (10YR 3/4 m), brown (10YR 4/3 d) 
silt loam; weak, medium subangular blocky; friable; 
abundant; fine random roots; 5 to 15% coarse frag- 
ments; clear, wavy boundary: 5 to 10 cm thick; pH 6.1. 


Strong brown (7.5YR 5/6 m) gravelly sandy loam; 
moderate, fine granular; friable; few, fine vertical 
roots; 50% shale fragments; gradual, wavy boundary; 
Seto. LOecmethicws pivo.z. 
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T-50 (continued) 


Horizon Depth 
(cm) 
IIBm4 21-29 
IIBm5 29—37 
TLLG SWF 
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Brown (10YR 4/3 m) very shaley sandy loam; frag- 
mental; loose; few, fine vertical roots; 30 to 80% 
shale fragments; gradual, wavy boundary; 5 to 12 cm 
thiek; pH Gaz. 


Dark brown (7.5YR 4/4 m) gravelly sandy loam; 
moderate, medium subangular blocky; friable; 30% 
coarse fragments; clear, broken boundary; 0 to 13 cm 
thick:) pH 642. 


Dark grayish brown (10YR 4/2 m), pale brown (10YR 
6/3 d) gravelly loam; fragmental; friable to firm. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


T-51, Standish Hump, 51°04'01, 115°47'10 
7560 feet A.M.S.L. 


Oa, 


Imperfectly drained 
Aeolian (volcanic ash)/Lacustrine 


Carex nigricans community 


Plot located in a small enclosed basin 2/3 of 
the way up Standish Hump. Silt bands in Bm3 


not well developed. Profile very similar to 
T-230024,8andao. 


= _ Bm2 + Bm 3 
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Profile Sketch (1/10 scale) 
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T-51 (continued) 


Horizon Depth 


(cm) 


BmlL 


Bm2 and Bm3 


C 50 


WwBeIE 


Profile description same as for T-23, T-24, 
T-25. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
Ie 3-0 
Ah 0-10 
Bmk 10-16 
Ck 16-25 
R 25+ 


T-52, North of Quartz Hill, 51°02'45, 115°46'27 
7865 feet A.M.S.L. 


UZ 


Well drained 

Colluvium/Bedrock 

Kobresta myosurotdes community 

Lithic Alpine Eutric Brunisol (calcareous) 


The turfy L is tussocky being up to 6-8 cm thick 
under tussocks. Profile varies from Ah, Rock; to 
Ah, Bm, C, Rock sequence. 


Fibrous turf; abundant, fine random roots; gradual, 
wavy boundary; 1 to 6 cm thick. 


Very dark brown (10YR 2/2 m), very dark grayish 
brown (10YR 3/2 d) silt loam; weak, fine granular; 
very friable; plentiful, fine vertical roots; clear, 
wavy boundary; 7 to l2e¢cm thiek; pH 7.6. 


Dark brown (10YR 3/3 m) gravelly loam; moderate, fine 
subangular blocky; friable; plentiful, fine vertical 
roots; weakly effervescent; 50% coarse fragments; 
gradual, broken boundary; 0 to 7 cm thick. 


Dark brown (10YR 4/3 m), pale brown (10YR 6/3 d) 
gravelly silt loam; fragmental; friable; very few, 
fine vertical roots to bedrock; weakly effervescent; 
50% coarse fragments; abrupt, broken boundary; 0 to 
ZO0Rcm thick: pis 29. 


Limestone bedrock (occurs at depths varying from 
69 to SUmCm) 
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Location: T-53, Quartz Ridge, 51°03'10, 115°46'32 
Elevation: 7540 feet A.M.S.L. 

Slope: 4%, 

Aspect: 

Drainage Class: Well drained 


Parent Material: 
Vegetation: Saltx ntvalts community 
Soil Classification: 


Remarks: Profile described and sampled by H. Samoil. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 


Horizon Depth 


(cm) 
Ep 2-0 
Ah 0-12 
AC 12-17 
eECk 17+ 


T-54, N. of Quartz Hill, 51°02'44, 115°46'31 
8000 feet A.M.S.L. 

10-15% 

South 

Well drained 

Aeolian + colluvium/Glacial till 

Casstope tetrangona community 

Orthic Regosol 

The Ah is very black. Downslope soil creep evi- 


denced by irregular contact between A and C 
horizons. There are lenses and pockets of 


brownish ash in the lower Ah. Moisture availability 


may be quite high due to snowbanks and possible 
groundwater seepage early in summer. 


Very dark brown (10YR 2/2 m), very dark gray (10YR 
3/1 d) fibrous turf; abundant, fine random and 
abundant, medium horizontal roots; clear, wavy 
boundary; 1 to 4 cm thick; pH 6.3. 


Black (10YR 2/1 m), very dark gray (10YR 3/1 d) 
silt loam; weak, fine granular; friable; plentiful, 
fine random roots; abrupt, wavy boundary; 10 to 15 
Cm CICK 3 pile Os 7. 


Dark brown (10YR 3/3 m) silt loam; gradual, broken 
boundary; 0 to 10 cm thick. 


Dark brown (10YR 4/3 m), pale brown (10YR 6/2.5 d) 
silt loam to very gravelly silt loam; moderate, 
fine subangular blocky; friable; very few, fine 
vertical roots to 25 cm; moderately effervescent; 
DH /-<t/. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent Material: 


Vegetation: 


Soil Classification: 


Remarks: 

Horizon Depth 
(cm) 

L 4-0 

Ahk 0-15 

Bmk 15-18 

LG 18-50+ 


T-55, Quartz Hil, 51°02'18, 115°46'01 

8300 feet A.M.S.L. 

50% 

Southeast 

Rapidly drained 

Colluvium (with aeolian inclusions) 

Kobresta myosurotdes community 

Alpine Eutric Brunisol (calcareous) 

Kobresia turf grows in tussocky micro-relief. The 
Ah is very black and thick with a low bulk density. 
Most pebbles appear to be quartzites; however, there 


are lime accumulations on the undersides of rocks in 
the C horizon. 


Fibrous turf; abundant, fine random roots; gradual, 
wavy! boundary; 29to /ictm thick: 


Black (10YR 3/1 m), very dark gray (10YR 3/1 d) loam; 
moderate, medium granular; very friable; abundant, 
fine vertical roots; very weakly effervescent; 5% 
coarse fragments; gradual, wavy boundary; 10 to 20 
CMathicke pHey 3. 


Yellowish brown (10YR 5/6 m) silt loam; weak, fine 


granular; very friable; plentiful, fine vertical roots; 


very weakly effervescent; 10 to 15% coarse fragmeats; 
abrupt, broken boundary; 0 to 5 cm thick; pH 7.6. 


Dark grayish brown (10YR 4/2 m), grayish brown 
(LOYR 5/2 d) very gravelly sandy loam; few, fine 
vertical roots to 40 cm; weakly effervescent; 80% 
coarse fragments; pH 7.5. 
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Location: 
Elevation: 
Slope: 

Aspect: 

Drainage Class: 
Parent eta St 


Vegetation: 


Soil Classification: 


Remarks: 
Horizon Depth 
(cm) 

EF 2-0 
Ah 0-5 
Ahe 5-9 

Bm 9-17 

IL ALENE 17-24 

LIC 24-56+ 


L-1l. East side of Wa-Wa Ridge 
J//O007 feet sAIMoS.L. 

15% 

East-southeast 

Rapidly drained 

Colluvium/Till 


Phyllodoce glandultflora, Antennarta lanata, Salix 
arettca, Vaecintum scopartum 


This plot is located on a terrace of Wa-Wa Ridge, 
terrace probably due to bedrock control. Ah, Ahe, 
pBioan colliviunm, LiBC fandelic win stil 1lo. Bulk 
densities and thin sections taken. Bm is very 
variable as to organic content. 


Very dark grayish brown (10YR 3/2 d) densely-rooted 
turf; abundant, fine and medium horizontal roots; 
and abundant, fine vertical roots; less than 5% 
coarse fragments; clear, wavy boundary. 


Dark brown (10YR 3/3 m), dark grayish brown (10YR 
4/2 d) loam; moderate, fine granular; friable; 
abundant, fine random roots; clear, wavy boundary; 
3 topo cm thick: pH 4.74 


Brown (1OYR 4/3 m, 5/3 d) loam; weak, fine granular; 
very friable; plentiful, fine random roots; less 
than 5% coarse fragments; gradual, wavy boundary; 
3°to 5 cm thick: pH 5.0% 


Dark brown (7.5YR 4/4 m), yellowish brown (10YR 
5/6 d) silt loam; moderate, fine granular; friable; 
plentiful, fine random roots; less than 5% coarse 
fragments; clear, wavy boundary; 5 to 10 cm thick; 
pH 5e4. 


Yellowish brown (10YR 5/4 m), light yellowish brown 
(10YR 6/4 d) loam; moderate, medium fine granular; 
friable; very few, fine random roots; 10% coarse 
fragments; gradual, smooth boundary; 5 to 12 cm 
thick; pH Sas. 


Olive brown (2.5Y 4/4 m), light brownish gray (10YR 
6/2 d) loam; fragmental; firm; very few, fine 
random roots; 15% gravel; pH 5.5. 
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